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SECnON- A 


Part I 


EINSTEIN’S CONNECTIONS II 

DEGENERATE GASES OF THE FIRST GLASS* 


Dtpartmnt of Malhmaties, Unioerdty of Gorakhpur, Gorakhpur 
[Rcedvcd on 4th May, l^l] 

ABOTtAOT 

^ Mishra [31 ), the solution of Eibstcin’s first set of 
unified field theory has been studifed in full details in holonomic 
thedegenen^ cases g=0, I>#=0 of the first class 
c indices of inertia 0 and 2 of h^pi in which cases only g can be zero ; and con- 
ditions for the e^stence of at least one scdution in that case have been stated. The 
ODject ot this paper is to give solutions of die said equadon in holbnomic form for 
' ^^*—0 of the first class when D=|=0 and for the indices of 

^ and 4 of h^p, (m which cases only, <A— 4 can be zero) and to state con- 
ditions for the ^istence of at least one s^dda in each case. 

1. latroductwn. In Einstein’s unified field theory the basic real tMisor 

which has smeen components is non-symmetric and may be sjfiit into its symmetric 
part and Its skew symmetric part . 

^ ^■hesis submitted for the d^cc of Doctor of Philosopy, Gorakhpur 


The tensor A. ,, is assumed to be of rank 4 and to be of index of inertia 0 or 4 
according as the signature of A. » is (+. + »-.—) or (++ + +) or any other equi- 

\r* 

valent combinations of + and - signs. 


The basic connection is also non-symmetric and is given by 

( 1 . 2 ) 


Denoting by G, /, t the determinants of and and taking k‘ 




as a tensor inverse to let us put 


def 

(1.4) fl g = Glf 

def 

(1.4) 6 k=tlf 

(1.4) « (o) kl Sli (1) kl - kl ;(p)kl = (p-l) kl kl (^ = 2.3,...), 


(1.4)d 


4K k^^ 


- ( 2 ) 


We then have 

(1.5) g = I + 2 K + A. 


The tensor g. or A. is said to be of the first class if A o. For this class 

"Aft Aft 

there are exactly four linearly independent veetors satisfying (Hlavaty [1] P 11) 


( 1 . 6 ) 


ft .. A ,A 


where ^ are solutions of 


(1.7) X* + 2 K \* + A = 0. 

The vectors a are called eigen vectors of k^ and the scalars ^ are the corres- 

X ^ * 

ponding eign-values. 


L 2 ] 



Introduce a scalar D given by 

(1.8) D = 

then for this class we have the basic scalars 
(L9)iz -h K 4= 0 

(1.9) i 0 = 3=“ - K=f=0, 


and the symmetric scalars given by 


( 1 . 10 ) 


X 

ijk 


def 

= 1 + 


X X 

» j 


X \ 


X X 

k i 


are 


(1.11) a = 1 + K + \/0 

(1.11) 6 3\j = 1+K-v/d~ 

(1.11) ® P33 = ~1 “ K - v'D — 2v’ /c 

(1.11) d 332 = 441 = 1 - K + - 2 VT~ 

(1.1 1) « 1^3 = 224 — 1 “ K ■“ VD + 2 V fc 

(Ml)/ 331 = 442 = 1 - K + V 2 J~k 


It is easy to verify that 

(1.12) ^ (1 + K + a/d“) (1 + K - a/d“)= gy 

and 

(1.12) 6 (i - K - Vd* - 2 VI") (1 - K + v'D' “ 2 v' A ) (1 

+ 2 V * ) (1 “ ^ 

= (1 _ 2 K + 5 6)® — 16 A: (1 - K)^ 

= a* - 4 A: 6* 


where 

(M3) a=l-2K+5A:and6 = -2(l-K) 

( 3 ] 


K - Vd 
■.+ 2^T) 



It has been shown by Hlavaty’ ( [1] PP. 52-53) that if the system (1-2) admits 


a solution , it must be of fche form 


(1.14, . 


V' + “V 


where 


V 


are the Ghristoffel symbols with respect to the tensor and 
def 


(1.15) 

The tensors and are related by 

i - 2 U 


(AP>V 


where 


h ^ 
ocv[fM ^ (a] 


def 


(L17) K, rvi, + v^ +VA; 


the operator being the symbolic vector of the covariant derivative with 


respect to 


" } 

Af*J* 


Since « symmetric in A and F', we have from (1.16)*, 


(1.18) i ^[(4 MvJ 


Eliminating from (1.15) and (1.16) and using (1.18) 

we have 


/8v 


- S - ;(./3 .7 

<* V a/ty > ■ 

Also since is symmetric in A and /* we have from (1.15), 


(1.20)<r 


^(rA/*) ® 


Here we fdlow the notation 

I ^' ] 



Eliminating from equations (1.15) and (1.16) and using (1.20)a we have 

(1.20)6 U l. a j B rr 

- * r„ J^u^ „ - A k„P U 


(v ^fi) Q> a 


M '^ajSv 


If 


- “I tr<,« - 4 ■ 


Xjz 


and 


= WC 




and 


(* - S *a , ;> = S> , 2 = 52a) 




qpr 


(1.2l)s 2 A 


and 


(Mr) 


(Pi)r {qr)p (rp)q 


^ o., def \HJJi^ \JP)Q 

(l.21)d 3 a"^^ = a"^^ + a“^’' 4. A“i®^ 

then equation (1.19) can be put in the form 

( 110 ) 


where 


(1.22)a S „ = B - 3 c 

"Mv ®a:j8y 


110 


If further T denotes the tensor T „ and 

(\<}Vsn def Pir def pqr 

(^•2o)a T = A X T = A 


T 


(1.23)6 


"no def 000 def 

I = A X T = T 




A9i^i A?s»- 2 def.^^i^i'^i A9/2 

(1*23)^ B X A = B A 

<a^v ' a^y ^ 


I 



then the equation (].22)a assumes the form 


( 110 ) 

(1.24) S = B - 3 S . 

We have in the first class when D ^ 0 

in the notation of (1.23), the following recurrence relations, (Mishra [2]) 

(32)r (i0)r 

(1.25) a S = A S 


(30)f 

(1.25)* S 


„ (10)f (12)r 

= - 2 K S - s 


(1.25) 0 2 S = - 2KS-S 

33r Ilf 22r ('20V 

(1.25) ti S = 4 s +2KS +2k S 

We also have (Hlavaty [1] p. 23) in the first class when D 0 

(1.26) a +2K«)i;;+ 4s; = 0,4^=0. 

From this we can easily prove 

(..26)J + i' + 2 , (f)i. = 0. ^ = 0, 1. 2,.. 

Now using the relations (1.24) and (1.25) we have 
in the first class when D =|= 0, 


(1.27)a 


110 

(10)1 





B = 

= S + S ■ 

f 2 

S » 





(1.27)* 

(10)1 

B : 

(10)1 

= s + 

(12)1 

S 

(20)2 
+ s 

112 
+ S > 




(1.27)0 

(12)1 

2 B 

II 

+ 

+ 

g'co 

CM 

002 

k S - 

112 
2 K S 

+ 

222 

S ’ 

(I.27)oi 

(20)2 
2 B 

(20)2 
= 2 S 

+ k 

002 

S - 

112 

2K S - 

(10)3 
• 4K S ■ 

222 
- S 

(1.27)0 

(10)3 
B : 

(10)3 

= s + 

(12)3 

S 

- 2 K 

(20)2 

S - 4 

(20)0 

S - 

112 
2K S 

(1.27)/ 

(12)3 
2 B 

(12)3 
= 2 S 

+ 2 ^ 

(10)3 
fc S - 

002 
2 K* S 

+ 4K*^ 

112 

S 

- 2 : 


1 10 220 
+ 2KA S - 4 S ’ 


( 6 } 



(20)0 

(1.27)g 2 B 


( 2 o)d iio 220 (io)i 

2S +iS-2K S-S-4KS, 


(1.27)A 


no 110 (12)1 220 

B=S+2 S +S» 


(1.27)i 


112 112 (12)3 222 
B=S + 2 S + S’ 


(l*27)i 


220 220 (10)1 (20)0 110 
B=(1+2K)S +2A S+2A S +itS’ 


(l,27)i 


222 222 112 (10)3 (20)2 

B==(1 + 2K)S+AS+2AS +2& S’ 


(1.27)/ 


002 002 112 ( 10)3 
B=S + S+2 S 


(20)2 (12)1 (20)0 
By eliminating S , S , S , 
equations (1 -27) we get (Mishra [2] p. 883) 


(10)3 112 220 (20)0 002 
S , S, S , S , S 


222 
and S 


from 


(1.28) a 

(1.28) A 

(1.28) « 
(l.28)d 


(10)1 no 

B = S+ 2 S + S’ 

„ (10)1 110 (12i3 

B = - 2 (1 + 2 K) S + 2 Ag (1 + K) S + 2 g (1 - 2 K) S , 

n _ o .o r. , , 110 (12)3 

B-2g(2K-l+A;) S -g(2K-] + 2A)S + 4gS’ 

T> 110 (12)3 

B = 6ig S + g (A - 1) S + 2 g S ’ 
o 


where B (r = 1, 2, 3) stands for Bca/iy and are given by 
^ r 


(1.28)« B = A-a 3 ^ 2 B + 2 K A B + 2 (A - 2 K*) ^B^ - 2 A ^ 


222 (20)2 

+ 2K B+2/S: B +2A(l+2K + 2 K^) 


no (10)3 

B - 2 A (1 + 2 K) B 


, „ 220 ( 10)1 
- (I + 2 K) B - 2 A (1 + 2 K/ B ’ 


(1*28)/ 


B 

2 


2 (4 K» - 1 + A + 4 K A) 


( 10)1 112 
B 4- 2 (1 + K) B - 


222 

B 


002 
A B 


(20)2 
+ 2 B 


+ 4 (K + A) 


(10)3 (20)0 

B + 2 A B 


no 


- (4 K* - 1 + A + 4 K A) B 


220 

- Aa B + (2 K - 1 + 2 A) B ’ 


[ 7 ] 



(1§)3 002 - il2 02)1 222 

(1.28) g B=2PB + 2 B - kB + 2 KB +2(1+2K) B -B 

3 

(10)3 110 220 00)1 

+ 2iB -(1+4)(1 + 2K)B +(l + fc) B +2ii:(l+2K) B 

(20)0 
- 2k B ’ 

vv ■ 110(12)3 

JiUmmating S , S, S from equations (1.28) the solution of (1.19) in 
the first class when D ^ 0 is found to be 

(1.29) (S - B)^ (a» _ 4& i») = 4 B (K - 1) + B (1 - 2 K + 5 fc) 

1 2 

+ 2 B (1 - 4 K + 4 K2 - 5 A). 
3 

^ Frorn the form of the solution (1.29) it is clear that the necessary and sufficient 
conditoons for the existence and uniqueness of the solution S „ of (1.19) in the 
first class when D 4= 0, are v * 


(1.30) g (a^ - 4 kb^) 4 = 0 . 


If the non*holonomic components of A^^and in the first class arc given by 

(1.31) . S i h’ 

\0 0 1 0/ 

then the non-holonomic components of (/-) k J[and (p) k^^ arc (Hlavaty [1] pp. 20-22) 

(1.31) ^ = 

and the .t,latioiiof(l.I9)m, he non-holonomic form it 
(Hlavaty [IJ p, 79) 

Cl- 32 )a =— -f 3 a a ) 

xyz ^ y 

with 


1 8 ] 



Since the non^holonomic components remain the same for all indices, solutions 
(L32) are true for all indices of inertia. 

From the form of the solution (L32)^z in non-holonomic form it is clear that 
the necessary and sufiSclent conditions for the existence and uniqueness of the 

solution of (1.19) in the first class when D ^ 0, are 

which by using (Lll) is equivalent to 

(1.34) (1 + K + VD) (1 + K - Vd) (I - K Vd - 2 JD (I - K 

+ \/D - 2 ) (1 - K - + 2 vn (1 -K + Vd 2 VF) 4= 0, 


and by virtue of (1.12) and (1*13), the condition (1.34) reduces to 
(1.35) ^ (a2 ^ 4 4^ 0 


the same as (1.30). 

2. Degenerate cases of the first class when D 4=: 0. 

(a) When the index of inertia of Is zero, the determinant / of 


positive and as k is non-negative alwaysi k ^0 


Consequently for the first 


class when the index of inertia is zero, fe >0 and hence «- 4 fc 6^ may be zero. 
Further since K can be negative in this case, g may also be zero. Hence the 
necessary and sufficient condition for the existence and uniqueness of the solution of 
(1.29) in the first class when D 4=: 0 is -- 

(2.1)a g{a^ - Ak b^) 4= 0. 

Whereasnf we consider the solution in the non-holonomic form, as given by 
(1.32)a the necessary and sufficient conditions for the existence and uniquaness of the 
solution of (1.19) in the first class for the index of inertia zero, when D 4 = 0, 


are 

(2,1)6 4= 0 for all indices i, j, k which by using (l.U) is equiva lent to 

{2A)c (1 + K + Vd) (1 + K - v/D) (1 - K - v^B -2 v/F)(l -K 4- Vd 

~ 2 ^F) (1 - K - Vd + 2 VF) (I - K + s/d + 2 v'D 4= 0 ^ 


It may be noted that if D >0, (2.1)c holds as a necessary and sufficient condi- 
tion for the existence and uniqueness of the solution. But if D <0, then since 
& >0 each of the factors in (2. l)c is complex and hence not zero the condition 
(2,l)(;’in this case is automatically satisfied. 

[ 9 J 



(^) When the index of inertia of is i, the determinant/ of h^^is negative 

and hence ^ <? ^nd D >0. For this reason - U is always positive. Thus 
the condition (L30) reduces to 

{2,2)a ^ =f= 0 


In the non-holonomic from, the condition (1.33) for this case reduces to 

( 2 . 2 )^ 


A 

12f 


A 

34j 4: 0, 


or 


(2.2) r (I 4- K + Vd ) (1 + K - Vd ) 4= 

since, k being negative, other are complex and hence not zero. 

(c) When the index of inertia of is 4;, the determinant / of h is positive 

dSedTs'^theJim of be consi» 

o 'i.n TT iu s^nd thus K >0. Further since g = 1 + 2 K +k 

g >0. Hence the condition (1.30) when D 0 reduces to 1 + ^ K +*, 

(2.3) a a'2 — 4 6* =}= 0. 

In the non-holonomic form the condition (1.33) reduces to 

(2.3) 6 (1 - K - VD - 2 s/1) (1 - KJ- v^D- - 2 Vi) (1 - K - y-D- 

- 2 Va ) (1 _ K -h v'B' - 2 Vr) 4= 0. 

becau?/fSte'J^tLTLr^in v'D and 1 + K - /r are omitted is 

It may be noted in this case again that if D >0, (2-3)6 holds as a nercs.ar,, 

L?i?D<?eaSorthrf^f since 

solution consider the 

_ first class when D #= 0, in holonomic form, there arc 

two singular cases 

(2.4) g = 0 when index of inertia is 0 or 2 

and 

(2.5) a . - 4 ^ ^2 _ Q index of inertia is 0 or 4. 

soluti^^n Mn-Snomirfo^m ^ the?^^^ suggest that if we consider the 

> e e are six singular cases, out of which two are 

12i . . 

(2.7) = oj inertia is 0 or 2, corresponding to the case 


[ 10 ] 



(2.4) (Already done fully iu h4 and Mishra [3]), and the other four cases are 


(2.8) 1 - K - Vd - 2 = 0 

(2.9) 1 — K + Vd — 2 = 0 

(2.10) 1-K-VD+ 2yr = 0 

(2.11) 1 - K + VD 2 = 0 


when the index of indertia is 0 or 4, 


corresponding to the case (2.5) which is proposed to be considered in this paper. 


I shall now show that the conditions for the existence of at least one solution 
^“^st class when D 0 for the case - 4 fe i* by considering 
the solution in holonomic form as obtained by the method of repeated substitution 
include the conditions for the existence of at least one solution S of (1.19) in the 
first class when D =^= 0 for all four cases (2.8), (2.9), (2.10) and (2.11) as obtained by 
considering the solution in non-holonomic form. The solution S of (1.19) in the 
first class when D H=: 0 for the case ( 2 ^ - 4 A; 0 shall also be given in holonomic 
form. The solution of (1.20)^ for the same case shall also be considered. 


3. Singular Solutions : D -^ 0 and I - K - Jb - 2 s/ k =0. 

Lemma (3.1). In the first class when D 0 and i K - — 2 =0 

the basic scalars are given by 

def . . 

{3A)a « = ^ V 2 VF - 1 * 

def N X 

(3.1)^ i8=J;:=-J^Vi-2K-.2vr’ 

and the symmetric sialars ^^are given by 

(3-2)a = 2 (1 - Vn. 

(3-2)i ^4- = 2 (K + vl). 

(3.2) c = 2 (1 - K - + ( - 1) ‘^+JV F), 

Ofl/ ^ ^ ^ + /is even, 

(3.2) / — 0 when a + / is odd. 

PROOF. equations (3.1) follov s at once from (1.9) when 1 - K - 2 VT 
and^(3^1)'^^^*^ in it. The equations (3.2) follows immediately from (1,11) 


[ 11 1 



THEOREM (3.1). A necessary and suffident condition that the equations (1.19) admit 
at hast one solution S when D and 1 K - - 2 >/T 0 , is 

(3.3) Kj.^ — 0, a + fit odd. 

PROOF. Substituting .Jj. from (3.2) in the equation (1.32)a, it is obvious 
that the condition required is (3.3). 


THEOREM (3.2) When the condition {33) is satisfied^ the solution of {1,19) 

in the first class when D 0, and l-K— — 2\/T = 0 has non^holonomic 
components in the form : ^ ^ 


(3.4)a 

the components 1^^^ arc arbitrary 


when a + f is odd, 

(3.4)6 

="^^ K /v... <3 +/ is even 

Jaa 2\ faa, ’ 

jaa 

(3.4)< 

^efg=-k\fg ’ 

^fg 

(3.4)d 

efa 

(3.4)e 

2\ ^ a e ^[aef]X 

aef 

(3.4)/ 

c ^ ^ Y 

" 2\ ^abc^ 

ahe 

(3.4)g 

~ 2\i ^abf + ^ a 6 

abf f 

(3,4)6 

V ^^(^/a5 +^/a^^^6jy 

fab ' 

(3.4)i 

^«ff ~ 2A \ff ’ 
dff 

where \’s 

are to be taken from {3.1) and {3,2). 


I 12 ] 



PROOF. Writing (1.19) in the noa-holoaomic form and using (3,1) and 
{3'2), we obtain (3.4), the non-holonomic components S... of S 

4. Singular Solutions : O 0 and 1 ~ K + ^ 2 ’=■ 0 

Lemma (4.1). In the first class when D=^0 and 1 - K + Vd* - 2 >/T=> 0 
the basic scalars are ^oen by 


(4'l)a 

def 

a - 

1 

A 

“ 2 

= V 1 - 2 K - 2 Va- 

(4.1)6 

def A 

^=3= 

_ \ 

4 

= V2 VT - 1 » 


and the syrnmetrie scalars ^jjfire given by 

(4.2jfl = 2(K + VT)’ 

(4.2) i 3^ . = 2 (1 - VT). 

^j- = 4 Vi a +/is even, 

ajf ^ a + / is odd, 

aaf ~2(1-K~v'i + * VX)} 

where « = (-1)** ^ ^ . 

PROOF. The equations (4J) follow at once from (1.9) when 2 ViT + K * 1 
is substituted for v\/d in it. The equations (4.2) follow immediately from (1.11) 
and (4.1). 

THEOREM (4.1), A necessary and suffident condition that the equations {1.19) 
admit at least one solution S when D = 4 = 0 <tnd 1 K + Vd~ - 2 s/F — 0 is ■ 

(4.3) ^aff ^ +/isodd. 

PROOF. Substituting (4.2) in the equation (l.S2)a it is obvious that 

the condition required is (4.3). 


[ 13 1 



THEOREM (4,2). When the 6on4iiiofi (4J)is saiisJied solution of (1J9) 
in the first class when D ^ 0 and I - iT + s/W - 2 = 0 has non-holonomk compo^* 

nents in the form : (a 4= ^ rr/)? 

(4.4) a the components are arbitrary 

when <3 + / is odd, 

(4.4) i a + /is even. 


(4.4)« 


Vg~ 2 r 

*ji 



9 


(4.4)d 

S . = 
efa 

2\{^efa "^ ^ « / ^[s/n] ) ■' 



efa 


(4.4)e 

S = 

i / 

V + ^ ' ^iaef])’ 

aej 

2\ V 

aef 

(4.4)/ 

S 

1 

\bc - 

abc 




abc 


(4.4)g 

S t,r 
abf 

_ 1 
““ 2a 

(^abf^^ a b habf])> 



abf 

(4.4)/i 

y 

Jab 

1 

“ 2X 




Jab 

(4.4)i 

S/ 

faa 

1 

2X 



faa 


whtre \’s are to be taken from {4,1) and (4,2). 


^PROOF. Writing (1.19) in the non-holonomic form and 

we obtain (4.4) the non^holonomic components S-, of S 

tjk ■ 


using (4.1) and (4.2), 


I 14 ] 



5. Singular Solution : D =^ 0 and 1 - iC - yfiT -f 2 VT = 0. 

Lemma (5.1). In the first class when D dp 0 and 1 ~ K — v'd + 2 JT ssO 
the basic scalars are given by ‘ ’ 


UCI % .. 

(5-l)a « = ^ ^ _ V'- i - 2 V* , 


(5.1)5 




V1*"*2K.+2\/A; 5 


and the symmetric scalars are given by 

(5.2) a 12* ~ ^ '«/*)> 

(3.2) 5 3i-=2(K-VX), 

(5.2) < = 2 (1 - K + v^X + (- 1) >/~F\ 

(5.2) d = — 4: n/ k a + f is odd, 

(5.2) « = 0» a + /is even. 


, equation (5*1) follow at once from (1'9) when I - K + 2 v'T' 

an*d“(5 1) equations (o.2) follow immediately from (U 1) 


THEOREM (5.1). A necessary ard sufficient condition that the equations (\ 
admit at least one solution S when Ddp O, 1 - K + 2 VX = 0 is 


(5.3) ^faa ~ a + / is even. 

PROOF. Substituting p from (5.2) in the equation (1.32)a it is obvious 
that the condition required is (5,3). 


THEOREM (5.2)* When the condition (5.3) is satisfied the solution S of (1.19) 

in the first class when D =f= 0 and 1 ^ K h/jy + 2\/^ = 0 has non-holonomc components 
in the form : {a =j= by e 4^/), 


{5A)a the components S 
when 


faa are arbitrary 
a -h J is even. 


(5.4)^ 


1 


jaa 


ir^faa, '^+/«odd, 

Jaa 


I 15 J 



(5.4)e 


J_ 

- K r 

«/g 

2A 

Ug 



ofg 

(5.4)<i 


---iri 




efa 

(5,4)« 


■2x( 

>0./ 



aef 

(5.4)/ 

So6.= 

1 

~ 2\ 

^o6e 


%bf " '2\ ( ^abf + ^ a 6 ^[a&/])’ 

abf 

fab 

(5.4)t 

4// 

X’^ are to be taken from (5J) and (5.2) 

(1.19) in the non-holonomic form and usioff ^5 and r5 21 

we obtain (5*4), the non-holonomic components S««. of S ' • / • v ♦ /i 

iJK fOp'V 

6. Singular Solutions : D 0 and 1 K — O 

Lemma (6.1)* In the first class when D=^0 and 1 - K + Vd 4- 2 Jir=:, 0 
the baste scalars are given by 

_ ■ def ^ , 

(6.1) 0 « = ^ j ^ 1 + 2 vr -Tir; 

( 6 . 1 ) 6 X = - ^ = ^-- 1 . 2 V ^ , 

and the symmeiru scalars are given by 

(6.2) 0 == 2 (K - VF), 

(6.2) 6 3^. = 2 (1 + VF), 


L 16 J 



( 6 . 2 > = 0 


5 


a +/is even, 


ifi.2)d off ~ ~ ^ ^ > a+iis odd, 

(6.2)« ^j.= 2 (1 - K + VT+ (- 1/ - VT). 

Proof* The equations (6.1) follow at once from (1.9) when K - 1 — 2 
is substituted for Vd~ in it. The equations (6.2) follow immediately from (1.1 1) 
and (6.1). 


THEOREM (6.1). A necessary and suffieient condition that the eqations {L19) admit 
at least cne s$lution S when D 0 and i - K + ^/W + 2 \/T' 0 is 


(6,3) ^aff ^ ’ 


a + / is even. 


PROOF. Substituting from (6.2) in the equation (i.32)a it is obvious 
that the condition required is (6.3). 


THEOREM (6.2), When the eonditien (6.3) is satisfied, the solution of (1.19) 
in the first class when D ^= 0, and 1 - K + + 2 -^T = 0 has non-holonomu compo- 

nents in the form :(a '=^ e =1= f). 


(6.4)ffl 

the components S^jr 

are arbitrary 


when a 

+ / is even, 



(6,4)& 



+ / is 

odd. 


af 



(6.4) c 

^efg ^ ' 

CM 



(6.4)d 

^efa =' 

2\ C^efa 

+ 3^ 

/ 



efa 



(6,4)s 

^aef = 


4- 3 

a e 


aef 



(6.4)/ 

^abe " ' 

1 K 

-2X ‘^abc ■ 





abc 
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(6.% 


abf 

(V 

(6.1)6 


1 

- 2a * 
jab 

(•>« + 3) (. 

(6.4)* 


II 



faa 


where A 


to be taken from (6.1) and (6.2). 


Writing (1.19) in the non-holocomic form and using (6.1) and 
(6‘2)j we obtain (6.4) the non-holonomic components S"r of S 

ijk <*j«v ‘ 

7, Existence Theorem : D 0,and - 4 1^1,2 - 

THEOREM (7.1). A necessary and sufficient condition that the equations (1.27) admit 
at least one solution S when D =j= 0 and a® — 4 kb^ = 0 is 


(7.1) 


where 


002 


112 


222 


no 


\ 0 1 (nfJ^v 2 ml^v ^ 3 «)/xv ^ 4 


<*> V 


220 (12)3 

A “f »■ + ^ A + 

5 cifiv ~ 6 ^ o)/iv ^ 7 


(12)1 


(20j2 

^ A A 

a/iv ^ ^ <a/iv 


(10)3 (20)0 (lOjl 

P 


+ Q A “f'' + A ^ A B - n 

9 ioisv ^ lu " ap.v ^ 11 A iSjjyjy — 0, 


(7.2) a ^ = *2(16 K» - 10 K - 25 A - 1), . 

(7.2) 6 i (2 K + 5 A - 3), 

(7.2) « I = 2 (1 + K - 2 + it - K i), 

(7.2) J | = 2K + 5*-3, 

(J.2)e fi ■=l4AK-4iK* + 4& + 4K«-8K« - l + 2 K + 5i2 

(7.2'/ 5“2AK-7A-4k + 4K*+1, 
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(7.2) 5 I = 4(4K* - 2K- - 1). 

(7.2) A 7 = 4 (6 K3 - 4 K2 -2 K - 12 /: K - 3 i + 1), 

(7.2) i ^ = 2(1 — 2K + A + 4A K), 

(7.2) ; I = 4(ftK + 4A + K- 2 K^^), 

(7.2) i = 2 A (i K + 15 it - 8 K* - l), 

(7'2) n = 2 (lOi K + 4iK*+2A+4K*-8K®-l+2K - Si*). 


In non-holonomic form equation (7.1) reduces to ( 3 . 3 ), (4.3), (5,3) and (6 3 ) 
respectively according as 

1 - K - Vd"- 2 VF = 0, 

1 - K + Vd" - 2 Va = 0, 

1 - K - VET + 2 VF = 0, 

1 - K 4 Vd- + 2 VF'= 0. 

PROOF. From equation (1.28)5, < d it is obvious that when a* - 4i6* = U 
the expression ’ 

4 B (K- 1 ) 4 B(1 - 2 K + 5 i) + 2 B(l - 4K. + 4K*-5i) 

1 - 2 • 3 

is identically equal to zero. 

Substituting the values of ^ ® and 3 in terms ofT^'' from the equations (1.28) 
^ /> S conditions (7.1). 

To show that (7.1) includes all the four conditions of the non-holonomic form 
as given by (3.3), (4.3)^ (5,3) and (6.3), we can put (7.1) in the non-holonomic form 
and prove the desired results. 

But in this case this process shall be very laborious. Hence instead of putting 
the conditions (7.1) in non-holonomic form, we put equations (1 .27), from which 
these conditions are obtained, in non-holonomic form. Putting {lm27)a in non-holo- 
nomic form, and using (1:31), it reduces to 

xyZ 

The other equations (1.27)^, by using (1.7) and (1.31) reduce to (7.3), multiplied on 

both sides by homogeneous functions of ^ ^ of the form 

X y 2^ 


(if >? . 

\x y ^ X y / z 
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This expression vanishes only in four cases when ^ I, 2 or 3,4 and/>,g = 
1 0 or 1 2. Consequently equations (1.27)i, c, », / reduce to (7.3). Her^e (7.3) is the 
non-holonomic form of the equation (1 27) (ej. Mishra (21 p 882). Consequently 
the conditions for the existence of at least one solution of (1'27) in the non-holono- 
mic form will be as given in (3*3), (4*3), (5*3) and (6*3). 

THEOREM (7.2). A necessary and sufficient condition for the existence of at least one 
souUion S of (1,19) in the first class when D=f= 0 and a^- 4kb^ = 0 is [7.1), 


PROOF. Since the solution S „ of (1.19) is to be obtained from the equ- 
ations (K27) when 4: kb^ = 0> tbe above Theorem follows from Theorem 

(7.1). 


8. Singular Solutions : D 4=. 0^ 4 = 0, 

We shall now give the solution in the halonomic form when D =j= 0 and 
- 4 kb^ = 0. 


THEOREM (8,1), When the condition {7 J) is satisfied, the solution of {1J9) 

in the first class when D 8 and a‘^ ^4 k b^ 0 is 


- i (k.„ + 3-t; lO , 

where ^ tensor skew-symmetric in the first two indices. 

Proof. The solution S of (1.19) in the first class when D =h 0 is given by 

(1.29) when g {a^ - 4kb^) ^0, When 4 kb^ = 0, (1.19) has at least one 
solution if (7.1) is satisfied. When - 4 kb"^ = 0, it is easily verified that the 
expression 4 B (K - 1) + B (1 • 2 K + 5it) + 2 B (1 - 4 K + 4 — 5 A) is equal to 

1 2 3 

zero. Hence the solution (1.29) reduces to the form (8.1). 

Theorem (8.2). When D -^ 0 and 1 - iT - - 2 s/TT-- 0, the non-holonomic 

components of the tensor occuring in the equation {20 J) are given by 


(8.2) a the components Hy^^ are arbitrary 

when fl + / is odd, 

(8.2) 6 the remaining H-^ are given by 





^ijk 
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where \'s are to be taken from {3.1) and 3,2) and S-jj, from equations {3.4) 

Proof. When (7.1) is satisfied and 1 - K - vd “ 2 VF = 0, the non-holo- 
nomic components oi S^^j, in the first class are given by (3.4). Substituting 
these values of Sy^ in the non-holonomic form of (8.1) and using (1.31) and (3.1), 
we obtain (8,2). 

Theorem (8*3), When Z) and I — ZT+vD • 2 = 0^ ike non'hclonomic 

components Hjjj. of the tensor oecuring in the equeition {8J) are given by 

(8.3) <2 the components are arbitrary 

when a + / is odd, 

(8.3) 6 the remaining components are given by 

».}■* - - Si) hjk ■ 

where X’s are to be taken from {4 I) and (4,2) and S^jj^from equation [4,4)^ 

Proof. The proof of this Theorem follows the pattern of the proof of 
Theorem (8*2). 

Theorem (8'4), When D 0 and 1 K — +2 \/^ =0, the non-holonomic 

components of the tensor oecuring in the equation {8,1) are given by 

(8‘4)fl the components are arbitrary 

when (2 + / is even, 

(84)6 the remaining Hyjj. are given by 

^ijk ^ ^ijh * 

where X^s are taken from (5.i) and {5,2) and Sjjgfrom equations (5,4). 

Proof. The proof of this Theorem follows the pattern of the proof of 
Theorem (8.2). 

Theorem (8.5). When D ^ 0 and 1 K \/d~ + 2 ^ non-holonomic 

components of the tensor oc:uring in the equation {8J) are given by 

(8*5)(z the components are arbitrary 

when a + f is even. 
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(8'5)i the remaiaing compoaeats are given by 

"ifk) ^ijk’ 

when X’s an taken from (6J) and (6.2) and S^j^from equations (6 A). 

Proof, The proof of this Theorem follows the pattern of the proof of Theorem 

( 8 . 2 ). 


9- The tensor * We will now consider the tensor . It has been 
shown in (Lai and Mishra [3] p, 234} that the solutions of (1.20)i in the first 
class are 

=4G(K-1) +C(l-2K-f-5i) 

+ 2C (1-4K + 4 K>-5jfc) 
3 


GO G 

where the symbol ^ stands for and the values of ^ arc given by (l‘28;e,/, g 

B G 

when mixv is replaced by ca(/*v) and B by G., , and G „ = K „ ft . 

r ^ r ^ <o(/^v) cd/av oif^a v 


If the non-holonomic components of {p)k^ and {p)kj^pi. in the first 

class are given by (1.31), the solution of (1.20)A in the non-holonomic form is 
given by 

xyZ 

with 

= 0 . 

From the form of the solution (9.1) and (9.2) it is clear that the conditions for 
the degenerate cases for U are the same as they are for S. 

Now the conditions for the existence of at least one solution of (l‘20jA in 

the first class when D =j= 0 for the case a* - i kb^ := 0 will be found! The solution 
of (l.20)A will also be given for this case. 

Theorem (9.1). A necessary and sufficient condition for the existence of at least one 
solution of {1.20) in the first class when O 0, a* — 4 kb^ — 0 is (7.1), 

proof. The statement is obvious from Theorem (7.2) and equations (1.15) 

I ?2 J 



Theorem (&.2). ■ When the condition (7,1) is satisfied the solution of [I 2m in 

the first class when D=^ 0, ^2 _ 4 kb^ = 0 is oj the jorm ^ 

where is a tensor, symmetric in the last two indices 


Proof. Substituting the conditions (7.1) in (9.1) and putting a* - 4 kb* = 0, 
we find that the solution is of the form (9.4). 

Theorem (9.3). When the condition (7.1) is ratified, the soluiicn U of {\.20)b in 
the first class when D =f= 0 and 1 — K — yj) _ 2 V*”” = 0 has non- holonomic components 
(symmetric in the last two in ices) in the form (a =j= b). 


(9.5)a 

the components U are arbitrary 

when a + / is odd. 

(9.5)6 

^aaf 


1 

K . A , f. 

aja ^ , a + / IS even. 


2a 

aaj 

(9.5)« 

^/iza 


1 

A 

faa 

^faa a > a + / is even. 

(9.5)d 

U./. 


1 

1 



2a 

(9.5)« 

^efa 


1 

( ^efa a + ^eaf j)> 


2A 

efa 

(9.5)/ 

^aef 


1 

1 



2a 

aef 

(9.% 

^bed 


1 

( ^bed d + ^bde i)’ 


2A ' 
bed 

(9.5)A 

^abf 

= - 

abf 

^abff + ^afb b)’ 

(9.5)i 

% 

= 

1 

2a ■ 

fab 

(^fabU -^fbaa)r 


where \’s are to be taken from (3.1) and (3.2). 
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froof. Writing ( 1 . 15 ) in aon-hoionomic form and using (3.4), we obtain the 
noa-holonomic components of • 

Theorem (9.4). WhenD ^O and 1 ~ K - - 2 ^ 0 the non-holonomic 

components J^jf, of the tensor of ecuation (9 4), symmetricin the last two indices . are 
givm by 

(9.6> the components J are arbitrary 
when a + / is odd» 

(9.6)i^ the remaining components are given by 
]ijk = %j]^ > 

where A’s are taken from (3,1 ) and (3,2) and from (9.5). 

Proof. Writing (9.4) in non-holonomic form and substituting the values of 
Vs from (3.1) and (3.2) and Up from (9.5) respectively we get equations (9.6). 

The solutions io the first class when D 4=: f^r the cases 1 - K+ sjD 

2 v/F= 0, 1 - K - v/fi^ + 2 0 and 1 - K + V'D' + 2 VT = 0 can 

be derived similarly from (9.4). 

The degenerate cases of the first class when D = 0 shall be considered in 
subsequent papers. 

In conclusion I take this opportunity to thank Professor R, S. Mishra for his 
keen intercsti advice and help in the preparation of this paper. 
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abstract 

A procedure for processing Ilford emulsion plates for minimising the track distortion has been 
described • pH variations of the fixing solutions, swelling of the emulsions, shrinkage factors of the 
developed emulsions, etching or corrosion of emulsion grains and the clarity (transparency) of the 
emulsion plates have been studied tor various fixing baths* ^ It has been found that the addition of 
ammonium sulphocyanide to the sodium bisulphite-fixing bkth gives more preferable results. 


1. INTRODUCTION 

For a successful identification Le, determination of mass, energy etc. of tracks 
caused by the passage of charged particles in nuclear emulsions, it will be a 
necessary condition that the characteristics of the tracks are not changed during 
the processing of the emulsions and hence to ensure the uniformity of development 
■with depth and freedom from track curvatures due to the distortion of the emulsions. 

In practice, great difficulties are encountered in processing the emulsions 
successfully (Kinoshita, 1910 and Michl, 1912). According to Dainton et al (1951), 
during ideal conditions the complete processing leads to a uniform contraction in 
the thickness of the emulsion which shrinks to about half its original thickness due 
to the removal of a large quantity of silver halide during the process of fixing. Due 
to the relative shifts of different layers of an emulsion caused by their expansion 
and contraction (swelling and shrinking) in different stages of processing, tue 
stresses are introduced and cause track distortion. The abrupt and undue volume 
changes in emulsion may be due to several factors e.g. mrchanical agitation, tem- 
perature variations, pH changes and. removal of the large quantity of unaffected 
(unreduced) silver halide from the emulsion. The distortions affect the measure- 
ment of range, grain density, gap length densities, angles between tracks, S-ray 
counting and the multiple coulomb scattering of the particle tracks. Hence, it 
emphasizes the impoitance of processing thick emulsions with a minimum of 
distortion. 

Hopper al (1954), Marguin (1937)5 Yagoda (1957) have tried isothermal 
processing of thick emulsions at low temperatures to reduce the swelling and hence 
the distortion in emulsions. Dilworth et al (1951) have given precautions required 
in fixing, washing and drying stages of the emulsions in order to minimize the 
distortion. 

Many authors e. g. Lumiere el al (1908, 194R', Piper (19B, 1914, 19481, Karge 
(1925, 1948), Wilson and Vaneslow (1949\ Dainton al (1951), and Stiller et al 
(1954) have made use of Ammonium chloride in fixing bath to reduce the time of 
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fixing which was considered vitally responsible for producing distortion and have 
reported that its addition affects the surface layer grains of the emulsion. In one 
of the publications from this laboratory (Prakash <ii!, 1958), it has been stiown 
that the etching or corrosion effect of grains on the surface of the emulsions is found 
to be negligible by using a particular concentration of ammonium chloride added 
to the fixing bath. Experimental studies of reducing ‘corrosion’ or dissolution of 
silver grains from thick nuclear emulsions in the fixing bath have been made by 
Meulemans (1954), Thuro and Paic (1956)^ Paic et flZ(l957) and Heughebaert and 
Heughebaert (1959) in must of the cases by eliminating oxygen from the fixer and 
adding either sodium bisulphite or sodium sulphite and acetic acid. 

As most of the changes are affected during the fixing stage of the emulsions, 
it was thought useful to study \the processing of electron-sensitive Ilford G-5 
emulsions with special details of the fixing solutions. 


2. EXPERIMENTS 

An experimental study was made on the most standard G-5 emulsion plates of 
different thicknesses viz. 100 /*, 200 /a, 400 /x, and 600 /a. The plates were processed 
in a thermostatically controlled cooling Cabinet (T. G. G. Cabinet) and were kept 
horizontal throughout the processing with glass surface downwards. The procedure 
of processing followed by us is given below 


(I) Development process. 

(fl) Presodking^ Each emulsion plate was immersed in distilled water at room 
temperature before being put in the developer and then the water was cooled 
down to 5*^0 and maintained at this temperature for a period shown in Table 2. 

(Z>) Temperature-cycle development. For development of the emulsions temperature 
—cycle method was employed (Dil worth et al, 1950 ; Bonetti et al, 1951). In the cold 
stage of the developer penetration a constant temp, of 5°G was maintained to allow 
a minimum development. For the main development process warm ‘dry’ develop- 
ment he. hot plate development was done at a temp, of 18'^G and proper care was 
taken to ensure a good thermal contact between the glass surface of the emulsion 
plates and the dry surface of a stainless steel box put in one compartment of the 
i. G. O. Cabinet and surrounded by a water bath maintained at the required tem- 
perature. The times for development are shown in Table 2. 


The development was done in amidol developer. For 100 /* and 200 /* thick 
plates normal amidol develper ( pH = 7-2 ) was used while for 40o and 600 M 
thick plates Brussels amidol developer ( pH = 6-6) was employed. The formulae for 
these two developers are given in Table 1. ciuimuiaeior 


table 1 

Developers used 


Name of developer 

Normal amidol 
developer 

Brussels amidol developer 

pH value 

7'2 ~ ' 

6-6 


Formula used 

Amidol 3-0 gm. 

Sodium Sulphite 

(anh.) 12-0 gm. 

Distilled water 1 litre 

Amidol 

Sodium Sulphite (anh.) 
Boric acid 

Pot. Bromide (10 f. Sol i 
Distilled water ^ 

4*5 gm. 
18*0 gm. 

35*0 gm. 

8 c. c. 

1 litre. 
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The amidol developer was used because it creates uniformity and low back- 
ground in comparison to that with other developers (Dainton etd^ 1951; Herz, 1952)* 

(c) Stopbath^ After development^ the emulsion plates were transferred to a 
stop bath (0*75% solution of acetic acid in water) at the same temp* as that of the 
hot plate and the temp* of the stop bath was then gradually reduced down to 5^G. 
The plates were kept in this bath for the time shown in Table 2. 

(d) Removal of surface deposits The thin film of silver which is usually formed 
on the surface of the emulsion during development process due to the high concen- 
tration of silver bromide in nuclear emulsions, was gently and carefully wipped off 
in the stop bath by means of a wet soft cotton* 

2* Fixation. 

After complete treatment upto the stop bath, each set of the plates was trans- 
ferred to the following fixing baths : — 

(i) Pure hypo bath made from 35% solution of sodium thiosulphate in 
water. The pH value of this bath (when freshly prepared) was 7*6. 

(«) The fixing bath of pH equal to 5*0 made from the following formula 

Sodium thiosulphate 350 gm. 

Sodium bisulphite (anh.) 30 gm. 

Water ... 1 litre. 

(Hi) The above sodium bisulphite-fixing bath with the addition of the opti- 
mum concentrations of the following ammonium salts 

(a) 1-1*5% solution of amm. chloride (i. e, 1-1*5 gm. of amm* chloride 

salt added to 100 c.c. of the fixing bath). 

(b) 2% solution of amm. hydroxide. 

(c) 2-2*5% solution of amm. sulphocyanidc. 

The use of above mentioned concentrations of ammonium salts was made 
because of their best results in minimising the fixing time (Prakash e/ al, 1958). 
The use of sodium sulphite in the above fixing baths was prefered due to the fact 
that it reduces stains in the finally processed emulsion (Mees, 1948 ; Dainton e£ al 
1951). Thuro and Paic (1956) have recommended the use of either sodium bisul- 
phite or sodium sulphite plus acetic acid with hypo baths as it inhibits the dissolu- 
tion of silver grains in emulsions. 

The emulsion plates were kept in a static fixing bath i,e* no agitation was done 
during fixing, but simultaneous! y the bath was changed very frequently. The first 
change of the fixing bath was done after a period equal to one-third the required 
time of clearing the plates (without taking into account the dilution time). The 
rest of the changes of baths were made at regular intervals. After the first stage 
of fixing {i.e. clearing) at constant concentration, the fixing baths were diluted 
regularly. Throughout the fixing process, a constant temp, of 5^G was maintained 
and the total time given for fixing the emulsion plates was nearly equal to one and 
half times the clearing time or more. The fixing times for different emulsions are 
shown in Table 2* 
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(3) Washing. 

The washing of the emulsion plates was done in cold water in one of the 
compartments of a T. C. G. cabinet. The tap water was allowed to tr ickie in very 
slowly at the time of the last stage of fixing in the large dishes ojutaining emulsion 
plates and simultaneously the water was allowed to go out of the dishes by means 
of a siphon arrangement. During this process, the cooling cabinet was worked out 
continuously for cooling the water of the dishes. Slowly and slowly, the rate of flow 
of water and its temperature was increased. The washing process was considered 
complete when the washing bath of the dish stopp< d giving an indication of the 
presence of hypo observed by the hypo indicator solution oi potassium perman- 
ganate. 


(4) Drying. 

Before drying, the plates were put in a dish containing 1*5% solution of 
glycerine to prevent the stripping off in the emulsions fiom the glass smlace. Alter 
taking out Irom the glycerine solution the emulsion plates were arranged on a 
stainless steel box previously placed in a cooling cabinet and were left ior drying, 
Ihe temperature of the cabinet was raised slowly. 

The above complete procedure for processing the thick Ilford G-5 emulsion 
plates is outlined in Table 2. 


TABLE 2 

Processing time and temperature conditions for Ilford G-5 
emulsions of different thicknesses 






Time for 


Procedure 


Temp. 

100 

200 

400/^ 

600 ft 

Presoaking 

Development 


Room Temp. 

20 min. 

SO min. 

100 min. 

150 mio. 

(a) Gold Stage 


5°C. 

20 min. 

30 min. 

100 min. 

150 min. 

(6) Hot Stage 


18°G. 

30 min. 

40 min. 

120 min. 

180 min. 

Stop bath 

Fixation 


180C.-»5°G, 

20 min. 

25 min. 

100 min. 

150 min. 

(a) Clearing 


5°G. 

3 hrs. 

6 hrs. 

40 hrs. 

80 hrs. 

{bj Dilution 

* vt 

5°G. 

2 hrs. 

4 hrs. 

24 hrs. 

30 hrs* 

Washing 


SOQ.- 10°G. 

3 hrs, 

6 hrs. 

30 hrs. 

50 hrs. 

Glycerine bath 

... 

5°C. 

10 min. 

10 min. 

30 min. 

1 hr. 

Drying 

... 

Room 

12 hrs. 

18 hrs. 

4 days 

6 days 


Temp* 
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r pH values of the fixing baths and the swelling 

of the emulsions for 600 /* thick plates were measured at regular intervals and the 
results obtained are shown in figs. 1 and 2 



Fig. 1. Variation of pH of solutions with time during the fixing process : (1) pure hypo bath, (2) Fixing 
bath by adding Sodium bisulphite to the pure hypo bath, (3) Amm. chloride added to fixing 
bath, (4) Amm. hydroxide added to fixing bath and (5) Amm. Sulphocyanide added to 
fixing bath. 



O - 2o So <^o So . 7o So 


rm£ m 


Fig. 2. Variation of swelling cf emulsions with time during the fixing process : (1) pure hypo bath. (2) 
Fixing bath by adding sodium bisulphite to the pure hypo bath, (3) Amm. chloride added to 
fixing bath, (4) Amm. hydroxide added to fixing bath and (5) Amm. Sulphocyanide added to 
fixing bath. 
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The clearing time of the thick cra»lsi#a plates in different ammonium-fixing 
baths and the swelling ratio (i . the i?atio of the thickness of emulsion at maximum 
swelling to that before processing) for thick emulsions (600 /*) arc also shown in 
Tabic 3. 

TABLE 3 

Clearing time and swelling in ammonium-fixing baths 


Ammonium-fixing 

bath 


Clearing time for on- 

f Swelling ratio 

for 600/^ 

100m 200m 400m 600m IOOOm emulsions 


Amm. chloride bath 74 min. 248 min. 15*5 hr. 29*0 hr. 68 hr. 


Amm. hydroxide 88 min* 260 min. 16*5 hr. 36*5 hr. 84 hr. 4*00 

bath 

Amm. Sulphocyanide 44min.222 min, 15*0 hr. 33*0 hr. ... 3*41 

bath 


Fig* 3 shows the variation of grain density with depth in some of the minimum 
ionization (relativistic) tracks of cosmic radiation in 600 m thick emulsions processed 
according to the above mentioned procedure and fixed in the ammonium 
sulphocyanide-fixing bath. The average diameter of grains in different 
emulsion plates with the d^pth of the emulsion was also observed and found 
nearly the same within statistical errors (Prakash et al 1958), 



Fig. 3, V^tion of grain deasity pff ino micron with depth of the emulsion beneath the top (air) 

Plat^fi^^‘ AmT .(™lativistic) tracks of cosmic radiation found in G-5 (600/*) 

plates hxed in Amm. sulphocyamde-fixing bath after the development process. ^ 

It was significant to note that no curvature of tracks fC-shanp/i c j 
duw.to) due „ ttie difleruutial .hear aloug .he Sep yXX S S 

K?' “ “PPrahiable deparmre CreaitoeariwSuU 

1. recorded for., eh tt,ek.„»ie, th. mierccopc' Bveo fur K 


deviations, if any, from the straight path of the track were 
Coulomb scattering of the particle and not due to the distortion of the tracks* I nc 
validity of the above inference depended on three independent methods of measure- 
ment i.e. grain density, mean gaplength and the multiple scattering. For s^tteiing 
measurements the constant sagitta method according to the scheme of ray et al 
(1954) was used. 

The table 4 gives the expcrimaotal values of shrinkage factors of the emulsion 
plates which are obtained from the ratio of the emulsion thickness before processing 
to that after the complete processing and which can directly be measured^ as the 
difference in depth between the highest and the lowest fog grains visible by means 
of the calibrated fine depth adjustment of the microscope. 


TABLE 4 

The shrinkage factors of the plates developed simultaneously but 
fixed in different baths 



Shrinkage factors 

Thickness of the plates 

• TYiir*t“nnQ 

# j 

Fixing bath having optimum 
cone, of 

XU IXJ i.V#Xi./UD 

Amm. Amm. Amm. Sul- 

chloride Hydroxide phocyanide 


100 

«•« 

2-00 

2-30 

2-30 

2-18 

2>19 

200 

••t 

2*60 

2 ' S 2 

2-65 

2*53 

2-52 

400 

• •• 

2*45 

2-46 

2*52 

2*40 

2*41 

600 

... 

2-55 

2-53 

2'55 

2-51 

2*54 


3. DISCUSSION OF RESULTS AND CONCLUSION 

It is clear from table 3 that the addition of sulphocyanide to fixing bath 
reduces the clearing time by maximum amount in comparison to the other salts. 
The swelling ratio is also minimum in the case of Sulpbocyanid e-fixing bath. This 
is due to the fact that Amm. Thio sulphate is a better complex making reagent as 
compared to sodium thiosulphate itself and increases the rate of diffusion of 
fixation* 

Fig 1, Shows that the Sod* bisulphite-fixing bath with optimum concentration 
of amm. sulphocyanide shows a constancy or stability of pH value throughout the 
clearing process. This ensures the reduction in distortion which are caused by the 
changes in the pH concentration of the fixing baths during the processing of the 
emulsions. The pure hypo bath and the amm. hydroxide-fixing bath show an 
unstable high value of pH which reduces the diffusion velocity and makes the baths 
much alkaline, while the other baths indicate an acidity. The brownish colour 
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of plates in amm. hydroxide-fixing bath may be due to the alkaline property of 
the solution. 

Fig. 2 clearly indicates that the maximum variation in the swelling is found 
in the case of pure hypo bath while the minimum variation in swelling is seen in 
the case of amm, sulphocyanide fixing bath. The other curves show the interme- 
diate values of swelling. This again ensures a considerable reduction in the abrupt 
volume or stress changes (i.e. swelling and shrinking) and hence may minimise the 
track distortions. The curves of Figs. 1 and 2 both indicate that the addition of 
amm. hydroxide to fixing baths is never desirable. 

The results of table 4 show that the values of the shrinkage factors for different 
plates are similar within statistical errors. These results and also the results of 
Fig. 3 indicate that the gelatin or grains have not been affected by the ammonium 
fixing baths. If it would have been so, the shrinkage factors should have been 
higher in these cases. Powell, Fowler and Perkins (1959) have also stated that 
even ia well developed emulsion plates the fall in grain density along the relativistic 
track near the surface of the emulsion is due to ‘etching* caused by a chemical 
attack on the silver of the developed grains as a result of prolonged fixation or some 
action in the clearing bath. It is clear that the addition of ammonium salts (at 
optimum concentration) to fixing baths have no chemical effect of etching (corrosion) 
or dissolution of.grains of the emulsions. 

The thick emulsion plat es processed according to the procedure described in 
the present paper and fixed in a fixing bath by adding to it an optimum concen- 
tration (2-2’5%) of the ammonium sulphocyanides olution are found very satisfactory. 

Thus from all considerations e. g, the uniform development of emulsions ; 
freedom from track distortion, background grains, etching or corrosion of surface 
grains ; clarity of plates ; pH value of fixing bath ; shrinkage factor and the 
maximum reduction m clearing time, the use oi ammonium sulphocyanide salt with 
35% hypo bath is preferred. 
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ON «-OPERATIONAL RELATIONS IN A CHAIN 

By 

V, K. VARMA 
Pergusson College, Poona 
[Received on June, 1961] 

1. Let 

4>(p)==pj e-P^.J{t)dt,R(p) >0, 

O 

then we shall say that ^ (p) is operationally related to / (0 and this relation is 
symbolically denoted by 

<j>{p) = fit)0Tf{t) = <Hp) ■ 

In a recent paper (2) we have established the result ; 


If 

?(/>)=/(*). 

f(p)=Fh{x), 

h (~y=g{x) and 
~ (*), then 


00 

(1.1) E(2,2 + v,r:v-i + |,; ^0 f(/> 

provided the conditions in 


(1.2) ^R (p) >0, R (2 + 2 v) >0, R (fi) > - !, R (/u + 2 v)> - 1 ; F (~y^ “ - 1 

IS 0 (t for large t, where R .(2- p)> 1 and is O(t^) for small t\ R (r)>0, R(p + y- 1) 
>0 ^are satisfied. 


introrlnrJn. „ paper in the farst instance is to 

S given abovirof 

relations. ^ ^ chain, connecting n-operational 
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2. We now state theorem : 
Thmm 1. 

= ^(1), 

^(P) = ^ y(*), 

T(^)=/(4 

f(p) = h (x). 




V> 

rW=«*--'sw,u.„ 

(2.1) ~ rfti -T V - s / 

Xi (/’J - j ;« ^ E ( 2,2 ■{■ 2 v,y,y + ; v 


provided the conditions stated in (1.2) are satisfied and 
R(y + yi)>0, R(/t + y + _ ij > 0. 

PfOof : — 

Xi {p)=p j' 



J - .f : px^j X 




Substituting for <p Q) from (1.1), we get 



-P^^y + Ti - 1 


dt 



e(2. 2 + 2 V, y : 

+ -f) Ki-)* 


On inverting the order of integration, we get 


(2.3) 


00 



o 



o 


fV + ‘>'1 -1 e(2, 2 + 2 V, y; 
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Making use of the results (MacRobert, 1941, (1)} 

C© , y, 

(2.4) e ~ ^(p ; “r P* !)() = E (/>+■!; a, : q; P* : x) 

O 

where = 13 ^nd R(i8)>0. R(;() >0, wet get 

pr i 

oo 

(2.5) ^"'+^i~^Xr(^) = / E(2,2 +2.,y,y+yj: 

O 

(R(y)>0, R(y+yi)> 0 j R(2+2v)>-l, R(rt+y-l)>0, R(/*+y + yj-l)>o, R(je»)>0) 

The inversion in the order of integrations is justifiable since ; 

{ij the je-integral in (2.2) is absolutely convergent under conditions of 

( 1 . 2 ) 

(ii) the integral in (2.3) is absolutely convergent for R(p) >0, R(y + yj)>0 
and 

(fii) By our assumptions vide (1.2) ^ ^ f ^ where 

R(2-.p)> 1 and is for small t where « 1, P' + 2v> - 1. 


It is easy to see, that under these conditions (conditions of 1.2) the integral in 
(2.5) is absolutely convergent , provided further that R(/* + y + yi-^l)>0. This 
proves the theoren. 

Next let us suppose that the Laplace transform of X 2 so that 


the integral on the right being assumed to be absolutely convergent. 

On substituting for Xx (p) from (2*5) and inverting the order of integrations, 
we get 

P + ’■* F(1J ij.-',’’ E/2.2 + 2V. 

o o V 


y + yj: + I 

Evaluating the ^-integral with the help of (2.4), we get 

( 2 . 6 ) 

CO 

== J e( 2 , 2 + 2 v, y, r + rj, r + Yi + 7 , : 7 , _ / + . . ^ F( 7 )d* 
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where conditions of theorem I are satisfied with the additional conditions that 
R (y + yi + 72 )>0 a.nd (R + 7 + ?! + 7^ - 1) >0. Now (2.6) is exactly 
similar in form to (2.5) except for the additional parameter 72 on the left and 
y -j- -j- Yjj in the E-function on the right. This suggests that this process can be 

repeated any number of times, each repetition having the effect of introducing 
additional terms as aforesaid. Thus following the above line of proof repeatedly^ 
we shall generalise theorem 2 in the following form. Thus, 

Theorem 3 ; 


X.X-) 

X... 


Xa (P) = 


j) 

Xi ip) == 


r) 

4>(P) = 

y-9 


f(p) = 

/ (*) 


f(P)^ 

h (*) 


-2v h\ 

t> 


(x). and 

F(P)# 

- V - 

f (*), then 


7 + 7i + 72 + ...... + 7fl- 1 Xa (p) 

CO 

= E (2. 2 + 2v, r, r + y,, r + ri + , y + Vi + 

° + ... +yi.: V - / + I : px) ^(~)dx. 


where conditions of Theorem 1 are satisfied and R (7 -f 7i 4- 1 .. +7a) for «*2,3, 
...> n : and R(i^ + 7 + 7i 4 +7n -- 1)>0 for n=2, 3, n. 

In conclusion I wish to express my sincerest thanks to Dr. S, G. Mitra for help 
in the preparation of this paper. 
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STUDIES ON THE VELOCITY OF FLOW OF LIQUIDS 
THROUGH ADSORBENT COLUMNS 

part XL RELATION BETWEEN THE RATE OF FLOW {vjt) AND INVERSE 
OF THE HEIGHT (1/ft) OF THE COLUMN 


By 

D. R. GUPTA and ABANI K. BHATTACHARYA 

Department of Chemistry, D. S. B. Govt. College, Ndni Tal and Agra College, Agm 

[Received on 13th April, 1961] 


ABSTRACT 

The velocities of flow or the liquid transmission capacities (»//) of water, methyl alcohol, methyl 
acetate, acetone and benzene through adsorbent columns of calcium carbonate, silicic acid, ruller's 
earth, Kieselguhr and magnesium oxide, have been determined and plotted against the inverse of the 
heighs (l//i) of the columns. The curves which are almost linear show that the velocity of flow is 
inversely proportional to the height with nearest approximation. The orders of liquid transmission give a 
method for the gradation of different adsorbents and indicate interesting evidences to show the importance 
of surface properties and the liquid structure- 

In the previous communications^"®, the authors have derived an empirical 

equation y. K, for the flow of organic liquids through different adsorbent 

columns, where v is the volume of a liquid flown through A, the height of the 
adsorbent column in time ^ and are the viscosity and density of the liquid. 
While deriving the above equation, it was assumed® that (i) vjt is proportional to 
1/A and (ii) is proportional to It has been experimentally proved in an 

earlier communication^ that vhjt is directly proportional to In the present 

communication, the authors have interpreted graphically the relationship between 
the rate of flow* of liquids and the inverse of the height of the adsorbent columns. 
The orders of liquid transmissions of water, methyl alcohol, methyl acetate, acetone 
and benzene through calcium carbonate, silicic acid, Fuller's eaith^ Kieselguhr and 
magnesium oxide have been given in order to form an idea about the gradation of 
different adsorbents and with a view to showing the importance of surface properties 
and liquid structure. 


EXPERIMENTAL 

The details of the experimental technique for filling the adsorbents in the 
chromatographic tube and for measuring the rate of flow of liquids through columns 
packed with- the same graded size of particles of the adsorbents under a constant 
suction pressure have been described earlier ^ The rate of flow of a liquid was 
measured at a particular height of an adsorbent column. The height of the column 
was successively increased, and rates of flow were measured at different heights of 
adsorbent columns under similar conditions. The data for and 1/A have been 
recorded in table nos. 1-^5 and their graphical analysis is represented by curve nos. 
l,2,3,4and 5. & f 
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TABLE 1 

Height of mercury in the manometer = 34'5 cms. Temp. <= 21’5 ± 1°G 
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table 3 
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TABLE 5 



r 41 1 


«'o 


Curve No. 1 


I n 1 — i T i 1 1 r 

ax 03 0‘if 0-5 0-6 07 Oi o^ 

■ - / iji . 

Rate of Flow of Water Through Different Heights of Adsorbents. 

1. Calcium Carbonate. 

2. Silicic Acid. 

3. Magnesium Oxide. 

4. Kieselgurh. 

5. Fuller’s earth. 
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Guive No. 3.— Rate of Flow of Methyl Acetate Through DiflSjtent Heights of Alsorbents. 

1. Calcium Carbonate, 

2. Silicic Acid. 

3. Fuller’s earth. 

4.2^Kicselgurh. 

5. Magnesium'' Oxide. 




Curve No- 4, — Rate*of Flow of Acetone Through Different Heights of Adsorbents. 

1. Fuller’s earth. 

2. Calcium Carbonate. 

^ 3, Silicic Acid. 

4. g Kieselgurh. 

5. Magnesium Oxide. 
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bisGUssioN 

In curve nos. 1-5, the relation between and 1/A has been depicted, it is 
extremely interesting that the curves are almost linear showing that the velocity of 
flow is inversely proportional to the height upto an optimum value of h (approxi- 
mately 4-50 cms.). 

The figures obtained for the rate of flow of water when it passed through 
approximately equal heights of different columns are for calcium carbonate (* 0036 % 
silicic acid (*0063)^ Fuller^s earth (‘0013), kieselguhr (*0106) and magnesium oxide 
(’0097). According to these figures the above adsorbents may be arranged in the 
order of their water transmission capacity as kieselguhr > magnesium oxide > 
silicic acid> calcium carbonate > Fuller^s earth. The similar results are obtained 
for methyl alcohol, methyl acetate, acetone and benzene where the rate of flow of 
the liquid and the order of the liquid transmission capacity are found to be specific 
with the suface properties of the adsorbents and the structure of the liquid. Through 
the silicic acid and kieselguhr columns the velocity of transmission can be arranged 
as benzene > methyl acetate > acetone > water > methyl alcohol. This similarity 
of the order was in all probability due to the geometrically similar pores and 
passage of the two systems ; or, in other words, this may be ascribed to the supposed 
similarity of surface characteristics of silicic acid and kieselguhr. The order of 
flow through calcium carbonate column is benzene > acetone > methyl acetate > 
water > methyl alcohol, for Fuller’s earth, it is methyl acetate > 
benzene > acetone > methyl alcohol > water; and, with magnesium oxide, it is 
methyl acetate> acetone > benzene> water > methyl alcohol. The foregoing 
orders of liquid transmissions through different adsorbent columns suggest that the 
pore factors of these adsorbent columns are appreciably affected by the interfacial 
forces between the adsorbent and the liquid. Benzene has the highest relative flow 
through silicic acid, kieselguhr, calcium carbonate, but this is not the case with 
Fuller’s earth and magnesium oxide. The order of flow of water and methyl 
alcohol is similar in silicic acid, kieselguhr, calcium carbonate and magnesium 
oxide, but it is not so in the case of Fuller’s earth. Similar reverses are observed in 
the relative flow of benzene, methyl acetate and acetone by changing the adsorbent 
columns. These observations are very pertinent to warrant the fact that the surface 
and structural characteristics play a very important role in the flow of liquids 
through these porous columns. Another striking observation is that a non-polar 
liquid in general could pass through the porous columns more quickly than the 
polar ones. Benzene, for example, which is non-polar, has a greater rate of flow 
through the columns of sicic acid, kieselguhr, Fuller’s earth calcium carbonate and 
magnesium oxide than the velocity of transmission of the polar molecules of water 
and methyl alcohol. 
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Amino acid content of the seeds of litsea consimilIs 


By 

D. R. GUPTA and N. G. MAHAJAN 
Chemistry Department^ D. 5. B. Government College^ Naini Tat 
[Received on 6th July, 1961] 

ABSTRACT 

The seeds of a medicinal plant, Litsea consimilis^ growing abundantly in Kumaon region have been 
investigated with a view to determining their amino acid content. Water, 10% NaGl and 0’2% NaOH 
soJutioDS were employed to isolate the proteins from the seeds which were found to be made up of cystine 
histidine, glutamic acid, proline, alanine, tyrosine, valine, phenyl alanine and leucine, * 

A number of plants growing wildly in Kumaon region have found wide 
applications in medicine. The medicinal use of dijSferent parts ij. roots, bark, 
leaves and seeds of Litsea chinensis, Litsea polyantha and Litsea stocksii beloning to 
Lauraceae family has been described.^ The seeds of Litsea chinensis are aphrodisiac, 
and its seed oil is used in rheumatism. The oil from the seeds of i/odni is 
used in the treatment of sprains and itch. Litsea consimilis^ another species of 
Lauraceae has not been examined for its medicinal value. This plant occurs plently 
m Kumaon region. The oil from its berries is used by the local people in the 
treatment of various skin diseases and is applied for healing wounds. It was there- 
tore, considered worthwhile to take up a systematic investigation of the seeds of 
Litsea consimilts. In the present communication, the authors describe the isolation 
ot proteins from the ^seeds and the characterization of amino acids in the protein 
hydrolysates by descending paper chromatographic technique. The results of the 
investigations of the seed oil will be communicated separately. 


experimental 

Water, neutral saline solution, 70-80% alcohol, and dilute solutions of acids 
and alkahs have been commonly employed to isolate proteins from plants and 
seeds^ ^. No single solvent was however, found suiu^^^ to isolate completely the 

protein matter from the seeds of Litsea consimilis, 

{a) Isolation oj protein matter from the seeds 

oil from the seeds was removed by refluxing their powder with petroleum 
ether, ihe defatted seed powder was treated successively with water. 10% NaGl 
solution and 0-2% NaOH solution. 

wired S of 0-2/ ^ 

rrCr ^ r for two hours and finally filtered. The residue 

i£°'motfi'"mX?if th^ nitrogen. Thus 

extracted by water. 10% NaCI 

senar^elv NaOH soluble protein matter was dialysed 

bath The orotein man^r nKf evaporated to dryness over water 

oam. inc protein matter obtained from water, 10% Nad and Cl-W Wanidr 

solutions weighed 1-70, 1-50 and T2 1 gms. respectively. ^ ^ NaOH 
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{b) Hydrolysis of the proiein matter : — 

0*2 - 0*5 gm of the material from each extract was separately refluxed with 
20 ml of 6 N.HGl for 12 hours on a sand bath. The acid was completely removed 
from the hydrolysates by treating them in an electrolytic desalting apparatus 
(Shandon type). Each of the hydrolysates was then extracted with absolute 
alcohol. 

(c) Characterization of amino aadsin protein hydrolysates : — 

Amino acids were characterized by employing descending paper chromato- 
graphic technique as described earlier^ 0*004 ml — 0*008 ml of the protein hydro- 
lysates and 0*002 ml of reference amino acids were chromatographed together on 
Whatman filter paper No. 1 (sheets 48 X 28 cms.). ^ The chromatograms were 
equibrated with the lower layer of n-butanol-acetic acid- water® (4:1:5, v/v) for 24 
hours and were developed by the upper layer (solvent phase) of the above mixture 
for 36 hours at the room temperature. The multiple development process was 
employed with a view to achieving better and distinct separation of amino acids 
which were located as usual by spraying the chromatograms with a 0*1% solution 
of ninhydrin in acetone and placing them in an electric oven at 65°G for 10-15 
minutes. 

The total number of amino acids present in the above three protein fractions 
were also confirmed by analysing chromatograpbically a mixture of three hydro- 
lysates taken together. 

The amino acids present in the protein fractions isolated from the seeds of 
Litsea consimilis have been given in Table 1. 

TABLE 1 

Amino* acids present in the protein hydrolysates of the seeds of Litsea co nsimilis 
Protein fraction Amino acids identified 


Soluble in water 

Soluble in 10% NaCl solution ... 

Soluble in 0*2% NaOH solution 

Mixture of the above 3 protein 
fractions. 


Gystine, glutamic acid, proline alanine, tyrosine, 
phenyl alanine and leucine. 

Gystine, glutamic acid, alanine, tyrosine, valine, 
phenyl alanine and leucine. 

Histidine, glutamic acid, alanine, tyrosine, 
valine, phenyl alanine and leucine. 

Gystine, histidine, glutamic acid, proline, 
alanine, tyrosine, valine, phenyl alanine and 
leucine. 


The proteins of the seeds of Litsea consimilis are, therefore, made up of cystine, 
histidine, glutamic acid, proline, alanine, tyrosine, valine, phenyl alanine and leucine. 
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SALT EFFECT IN tHE SILVER CATALYSED OXIDATION OF SODIUM 
OXALATE BY POTASSIUM PERSULPHATE 

By 

C. D, BISHT and S. P. SRIVASTAVA 
Chemical Laboratories, D. S. B, Government College, }iaini Tal 
[Received on July 6th, 1961] 

ABSTRACT 

The study of the salt effect for the silver catalysed oxidation of sodium oxalate by potassium 
persulphate has been carried out in presence of sodium sulphate and potassium sulphate as neutral 
salts. In both the cases it is found that the salt efiect is negative and ot the primary exponential type, 
further, the value of Z the product of valencies of the reacting ions in the rate determining process 

has been calculated, which is found to be 2*49 and 2*45 in case of sodium sulphate and potassium sulphate 
respectively showing thereby that the rate determining process is probably a reaction between a bivalent 
and a monovalent ion of opposite charges. 


INTRODUCTION 

In a previous communication^ we have presented the results on the salt effect 
due to potassium and sodium sulphates respectively on the silver catalysed oxidation 
of oxalic acid by persulphate ion at low ionic strength. It was found that the salt 
effect was negative and primary exponential in character. Since Gupta and 
Ghosh, *• in a study of the silver catalysed oxidation of oxalic acid and oxalate 
ion by persulphate ion had reported that the two reactions are different in be- 
haviour, the oxidation of oxalic acid being characterised by a long induction 
period, it was considered necessary by us to carry out the study of salt effect on 
silver catalysed oxidation of oxalate ion by persulphate ion also to 6nd out whether 
the effect is similar or not and thereby attempt to elucidate the mechanism of 
this reaction. 

In the present paper, the results on the salt effect due to potassium sulphate 
ana sodium sulphate on the silver catalysed oxidation of oxalate ion by persulphate 
ion have been presented. / r r 

EXPERIMENTAL 

c f TV c^cperimental technique followed in the study of this reaction is the same 

study of silver catalysed oxidation of oxalic acid by 

persulphate ion (loc. cit.). 


results and discussion 

. „ study of Gupta and Ghosh (Zoc. cit.) of the silver catalysed oxidation of 
oxalate by potassium persulphate in presence of a high concentration of 
acid has shown that the reaction is amenable to a definite order under 
(inr However, our study of the oxalic acid - persulphate reaction 

antnrQt 1 ♦* concc ntration had shown that the silver catalysed reaction is 
We M ® uncatalysed reaction studied by Srivastava and Ghosh*. 

nhate k nkn oxidation of sodium oxalate by potassium persul- 

phate IS also autocatalytic, as illustrated by the following data. 
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TABLE I 


K.SaOg - NagCgO* 

= 0-005 M, AgNOs == 

0*0001 Temp. 45^0 

Time in Minutes 

Volume of KMnO* 


(ml.) 


0 

CO 

CO 

•*• 

10 

4-80 

0-0080 

20 

4*68 

0-0100 

30 

4-54 

0-0113 

40 

4-40 

0-0120 

60 

4-10 

0-0130 

80 

3-78 

0-0137 

100 

3-54 

00134 

120 

3-34 

0-0128 

140 

3-14 

0-0124 

160 

2*96 

0-0120 

180 

2-78 

00116 

200 

2-62 

0-0113 

220 

2*46 

0-0110 


The above results clearly show that the reaction is autocatal'ytic and it is 
followed by auto-inhibition in the later stages just as in the oxidation of oxalic acid. 
A comparison with the rate-data for oxalic acid shows that the reaction^ with 
oxalate ion is slightly faster than with oxalic acid. However, the nature of reaction 
remains the same in the two cases, unlike the observation of Gupta and Ghosh, who 
found that oxalic acid and normal oxalate react differently with persulphate. 

Salt Effect , — In the case of silver catalysed oxalic acid - persulphate reaction, we 
have shown that at low ionic strength a negative exponential salt effect is present. 
In order to .decide whether oxalic acid and oxalate ion react differently with 
persulphate ion or not, the study of salt effect on silver catalysed oxalate - persulphate 
reaction at low ionic strength was undertaken by us. Fig. No. 1 represents the 
effect of various concentrations of added sodium sulphate on the rate of reaction 
while fig. No. 2 represents the effect due to added potassium sulphate. In each 
case when the value of lo^ (x = amount of sodium oxalate decomposed in 120 
minutes) is plotted against > a very closely linear curve is obtained, showing there- 
by mat the negative salt .effect is of the primary exponential type, as is also obtained 
in the reaction with oxalic acid. This shows that the rate determining process U 
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between two oppositely charged ions. In order to determine the valency of th 
oppositely charged ions, the value of constant A in the equation ^ inese 

log k — log + 24'^^ Zj^ 

was first calculated by the expression 
^ _ 1’826 X 10« 

/*-(S2-)3ys - ( 2 ) 

where S was calculated by the use of the equations 

S = 78-54 [1 -0-0046 (/-25) + 0-0000088 (/-25)a| ... /gs 

and % = 78-57 [1-0-00461 (/-25) + 0-0000155 (/-25)*] ... 

and the mean taken (Kortum and Bockris - Electro - chemistry. Volume I). 

The value of A thus calculated comes out to be 0-706. Usinir this valm- r.e a 
the value of Zj^ ^miscalculated from the slope of the curves^ in figs, 1 and 2 *. 

The values of are 2-49 and 2-45 in the case of sodium sulphate and 

potassium sulphate as added salts respectively. This firstly shows that the twn 
sdts used, w 2 ., sodium sulphate and potassium sulphate have either no specific ioniJ 

effect and secondly the rate determining process 
IS probably a reaction between a bivalent and a monovalent ion of nor.« 
ohMg.., The .Ugh, <le.u.i» in .he value of *»». 2 S,y rdue ,X„y 

SSelfact^?' complication. In 

However, since the reaction shows a negative exponential salt effpri- *u 
value of IS nearly 2 ,it may be assumed%hat the'^ate det«^in?^^^^^^^^ 

SjOg- + Ag+ — > SO4-- + SO4- + Ag++ 
followed by the rapid processes ; — ■ 

SO 4 - + HjO ^HSOg- + OH 

OH + Ag++__>Ag+ + OH+ _ ' 

OH+ + Ca04-- — > 0 , 04 - + OH „ 

CaOj- + SaOg-- — >304- + SO4- + 2GO4 /q^ 

C4O4- + OH^OH- + G4O4- 

OH- + OH^^ j Og + HgO ■” , 

Og + Gg04-_> 2GOg + Or *" * 

Og- + S04-~» Og + SO4- 

.. (Id) 


tavas for%te“7ilv?r^“atiysed'^oxi^^^^ Bhakuni and Srivas- 

autocatalysis is_explained by the fact tW C ion. The 

for the production of the active ion SO “ ^ (®) responsible 

accounted for by the removal of the anitJ . auio-inhibition in the later stages is 
with oxygen. active species GgOg- and SO 4 - by interaction 
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The slight increase in reaction rate in the case of oxalate-persulphate reaction 
in comparison to that of oxalic acid - persulphate reaction may be due to the slight 
difference in the active concentration of 0204”“ in the two cases due to incomplete 
dissociation of oxalic acid. 
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CHEMICAL EXAMINATION OF MIMUSOPS ELEHGJ, LINN. PART t 

examination of the fatty oil from the seeds 

By 

A. SINHA 

Chemical Laboratory, Medical College, Agra 
[Received on 10th April, 1961] 

The component fatty acids of the seed fat of Mimusops Elengi, Linn, have been found to be capric, 
iauric, myristic, palmitic, stearic, archidic, oleic and linoleic acids. The un-saponifiable matter ot the oil 
consisted of p and y ‘sitosterols. 

Mimusops Elmgi, Linn. (N. O. Sapotaceae) commonly known as Sinhakesara 
or Bakula in Sanskrit and Maulsiri in Hindi is a large ornamental trees cultivated 
in gardens for its fragrant flowers. The bark, flowers, fruit and seeds of this tree 
find use in the indigenous system of medicine. The seeds are said to be purgative 
in its action^. The seeds contain 13*6% oiL The seed fat was first examined by 
Rau and Simonsen^ who resolved it into four fractions by a simple form of the 
fractional distillation procedure and later by Kartha and Menon® who used a rnore 
elaborate form of the technique and separated five component fatty acids, palmitic, 

stearic, archidic, oleic and linoleic in 11*0, lOT, 0;4, 64*0 and 14*5% yields respec- 

tively. The earlier analyses gave less detailed information and in view of the 
medicinal use of the various parts of this tree, a systematic chemical examination 
has been undertaken and the examination of the flatty oil from the seeds has been 
described in this communication. 

The seeds of Mimusops elengi, linn, furnished on extraction with petroleum 
ether (b. p. 40® — 60°), an yellow coloured oil in 13*6% yield. The crude oil was 
purified by repeated treatment with animal charcoal and Fuller^s earth when a 
bright coloured yellow oil possessing the following characteristics was obtained. 


Specific gravity at 25° 

... 0-9302 

Refractive index at 25° 

... 1-4676 

Acid value 

... 11-4500 

Acetyl value 

... 17-4650 

Saponification value 

... 245-7500 

Iodine value (Hanus) 

... 63.5000 

R. M. value 

... 2-0000 

Hehner number 

... 92-9500 

Unsaponifiable matter 

... 1-6000 percent 


The oil was saponified with alcoholic potassium hydroxide and the resulting 
soap solution was extracted with ether to remove the unsaponifiable matter. The 
fatty acids were liberated by treatment of ihe soap with dil. sulphuric acid. The 
oil contained some proportion of saturated acids of lower molecular weight together 
with a large proportion of unsaturated acids. The acids were not separated into 
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solid and liquid adds by the usual procedure but instead, the acids were first 
^termed together by the method of Hilditch^* Tiie^mixed acids possessed the 
following characteristics : 

Iodine value ... 63*80 

Saponification value ... 26040 

The lower saturated esters (upto C 14 ) were separated by fractional distillation 
and the residual esters after hydrolysis were treated with Twitchell lead salt alcohol 
method of separation as modified by Hilditch^. The solid and liquid acids so 
obtained were re-esterified and further separated by fractionation in vacuum. The 
saponification value of each fraction was determined and the composition of each 
fraction was found out. The results are recorded in Table 1 . 


TABLE 1 


Fractional distillation of saturated methyl esters upto Ci« acids 


Fraction 

No. 

Weight b. p./i5 mm. 
in g. in °C 

S. V. 

Gj in 

g. 

Cio in 

g- 

Gjj in 
g* 

in 

Cj* in 

g* 

1 

0-55 

90-100 

161*2 

0*05 

0*50 

• •• 


».* 

2 

2-48 

100-120 

178*8 


2*46 

0*02 

... 


3 

0'84 

120-130 

180*0 

• • • 

0*3d 

0*48 


, ,, 

4 

8-77 

130-131 

195*2 

• •• 


8*52 

0*25 

«•« 

5 

4-71 

131-135 

198*5 

... 

mmm 

4*26 

0*45 


6 

2’44 

136-140 

199*8 


... 

0*24 

2*20 

• ** 

7 

7-20 

140-141 

200*0 




0*34 

6*86 

8 

17*24 

141-145 

216*0 

• •• 

• «« 

... 

... 

17*24 

9 

39*74 

146-150 

220*5 




... 

39*74 

10 


Residual extracts were not distilled further 



Total 

83*97 

total distillate 

0*05 

3*32 

13*52 

3*24 

63*84 


Idmiification of the solid acids i — The various ester fractions indicated in Table 1 
were saponified separately and the corresponding acids were examined. Fraction I 
yielded liquid acid of mean M. W. 168, indicating the presence of capric acid which 
was subsequently confirmed by preparing its anilide derivative (m. p. 74 ^) and by 
observing its m. p, and mixed m. p. of the anilide obtained from an authentic 
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specimen of capric acid when no depression in m. p. was noted. Fraction 2 yi^ded 
acids with a mean M. W. 185*0. The acids of this fraction were separated by 
fractional distillation and the fraction distilling at 267° - 269 was collected 
separately. This fraction was found to have M. W. 172 conforming to that of capnc 
acid. The presence of capric acid in this fraction was also confirnied byipreparmg 
its anilide derivative and observing the m. p. and mixed m. p. with an authentic 
specimen. The residual acid in fraction 2 was identified as lauric^^id (m. ) 

and was confirmed by observing the m. p. and mixed m. p. with an authentic 
specimen when no depression in m. p. was noted. Fraction 3 and 4 also yielded 
capric and iauric^acids while fraction 5, 6 and 7 contained lauric acid alone. 

Fraction 8 yielded acids of mean M. W, 224. On fractionation, this fraction 
’fielded two acids, lauric and myristic. The presence of lauric acid was confirmed 
in the manner stated above by preparing its anilide derivative. The presence of 
myristic acid (M. W, 228) was also .confirmed by preparing its anilide (m. p. 84®) 
and observing the m. p. and mixed m. p. with an authentic specimen when no 
depression in m. p. was noted. The presence of palmitic acid in fraction 9 was 
confirmed in the usual manner. 

The mixed acids obtained on hydrolysis of the residual esters possessed the 
following characteristics : 

Specific gravity at 25° .m- ... 0*9302 

Saponification value — ••• 278*5000 

Iodine value ... 24*0000 

The acids, separated into solid and liquid acids by TwitchelTs lead salt 
alcohol method as modified by Hilditch® possessed the following characteristics : 


TABLE 2 

Characteristics of the liberated acids 


Serial No. 

Acids 

Yield in percent 

Iodine value 

Molecular Weight 

1 

Solid acids 

27-99 

1*25 

272 6 

1 

Liquid^ acids 

72-01 

90-95 

280-2 


The liberated acids were re-esterified and the esters obtained were fractionated 
in vacuum. The saponification value and other properties of each fraction of the 
methyl esters of solid acids were determined and have been shown in Table 3, 


TABLE 3 

Fractionation of residual esters of higher saturated esters 


Fraction 

No. 

Wt. in 

g- 

b, D./15 mm. 
‘in OC 

Iodine 

value 

Saponi- 
fication Palmitic Stearic 
value 

Archidic 

Unsat- 

urated 

- 1 

9-407 

200-205 

2-56 

286-4 

0-358 

1-560 

0-025 

7-364 

2 

12-098 

above 205 
(residue) 

2-60 

287-5 

1-085 

0-628 

0-400 

10-085 

Total 

21-505 

... 

• •• 


1-443 

2-188 

0-425 

17-449 
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TABLE 4 


Fractionation of the liquid esters 


Fraction 

No. 

Weight in g. 

b. p./i5 mm. 
in degrees 

G. 

Iodine 

value 

Saponifica- 
tion value 

Oleic 

Linoleic 

1 

16-330 

215-216 

86-6 

296-2 

16-246 

0-C84 

2 

6-212 

above 216 

87-5 

297-0 

2-050 

4-162 

Total 

22-542 

*#« 

• •• 

*«« 

18-296 

4-246 


The presence of oleic acid was confirmed by hydrolysing the ester and oxidi- 
sing the resulting acid with diL alkaline potassium permanganate when dihydrox- 
ystearic acid (m. p. 134®) was obtained ; and linoleic acid by adding bromine when 
crystalline tetrabrqmostearic acid (m. p. 115®) was obtained. 

The unsaponifiabie matter obtained from the seed of Mimusops elengi^ linn, 
consisted of and T-sitosterols, 


SUMMARY 

On analysisj the fatty oil from the seeds of Mimusops ekngi^ Linn, was found to 
contain the following component fatty acids : 


Gapric acid 

... 1*10 percent 

Laurie acid 

... 3-38 

}> 

Myristic acid 

... 1-08 

» 

Palmitic acid 

... 11-04 

: j 

Stearic acid 

... 11-35 


Arehidic acid 

... 0-55 

Jff 

Oleic acid 

58-44 

?f 

Linoleic acid 

... 13-06 

5? 


The unsaponifiabie matter from the seed fat consisted of ^ and 7 sitosterols. 
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KINETICS OF OXIDATION OF FORMALDEHYDE IN AQUEOUS 
SOLUTION BY POTASSIUM PERSULPHATE— PART I* 


By 

K. C. KHULBE end S, P. SRIVASTAVA 
Chemical Labor atoties, D. S. B, Government College; ^icmttd 
[Received on 5th May, 1961] 

introduction 

During the course of our kinetic study of the oxidation of acetone and other 
ketones by persulphate ion/ we found that aldehydes arc also oxidised by 
■persulphate ion in presence of AgNOj as catalyst. With a view to determine the 
exact nature of stages of the oxidation of ketones and aldehydes, the present study 
on the oxidation of formaldehyde by persulphate ion was carried out. Inspitc of a 
large amount of work on the kinetics of oxidation by persulphate ion, very little 
work seems to have been carried out on the oxidation of organic compounds by 
persulphate ion with the aim of determining the different stages of oxidation of 
• organic compounds. It may be pointed out that persulphate ion being a milder 
oxidising agent^ than permanganate ion or dichromate ion is more suitable for this 
purpose. Mention may be made of the previous study of oxidation of hydrazine,* 
alkyl iodides® and of acetone* by persulphate ion. 


EXPERIMENTAL 

Formaldehyde and potassium persulphate used were of G. R. E. Merck grade 
and the other salts used were of A. R. B. D. H. quality. The standard solution of 
formaldehyde was prepared by iodometric estimation while the standard solution of 
potassium persulphate was prepared by direct weighing of the salt and the strength 
of the solution was checked by iodomdtric estimation as followed in our work on 
the oxidation of acetone by persulphate ion (loc. cit). A freshly prepared solution 
of potapium persulphate was always used. The experimental technique followed 
in this investigation was the same as followed in our study of acetone reaction and 
the reaction was always carried out in the dark. The progress of the reaction was 
followed by estimating the unreacted potassium persulphate by iodometric method 
at different intervals of time. Blank titrations of potassium persulphate in presence 
of formaldehyde were first of all carried out to find whether the pre:sence of 
formaldehyde affects this method of estimation of potassium persulphate or not. 
These experiments showed that no appreciable error was caused by the presence of 
formaldehyde in this method of estimation. 


RESULTS OF MEASUREMENTS 


First of all the uncatalysed oxidation of formaldehyde by potatsium persul- 
phate was earned out at 450C,, the results of which are recorded below? ^ 


in FebS“r^L «nder the auspices of C. S. I. R. at Allahabad 
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TABLE I 


Temperature. 45°G 

Rtaiiien mi>:turi. Overall i^ncentratian. 

HCHO 0*8% 

K,SaOa 


Time in minutes 

Volume of N/50 
!Na|S^O§ lu c*c* 

Volume of 

Na^S^Og corres 
ponding to 
KaS^Og ccnc* 

k X 10* 
(Unimolecular) 

0 

21-41 

I9'4i 

• •• 

10 

21*36 

19*36 

0-2533 

30 

21-29 

19*29 

0-2149 

60 

21*09 

19 09 

0*2801* ■ 

90 

21-30 

1900 

0*2354 

120 

20-76 , 

18*76 . 

0*2840* 

150 

20-67 

18-67 

0*2594 

180 

20*52 

18-52 

0-2554 

210 

20*45 

18-45 

0-2423 

240 

20-33 

18-33 

0-2338 

270 

20-23 

18-23 

0-2320 

300 

20-12 

18-12 

0-2295 

360 

19-93 

17-93 

0-2194 . 



Mean 

0-2449 


It is seen that the uncatalysed reaction is very slow, about 1/1 0th of the 
reaction taking place in six hours. Further, it is seen that the reaction follows an 
unimolecular behaviour. However, the unimolecular constant has a slight tendency 
to decrease during the later stages. Since the uncatalysed reaction is very slow 
even at 45®G., subsequent study was carried out in the presence of AgNOg as 
catalyst* 

The following table gives the results obtained for the Ag catalysed reaction 
at S5°C. ■ . ; 
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TABLE n 


Reaction mixture 


Temperature 35^G 
Overall Goneentration^ 


HGHO 

AgNO, 

KgS,0, 


0-8% 

0-0001 M 
0-01 M. 


Time in minutes 

Volume of N/lOO 

Volume of NagSiO^ 

k X 10* 


Na^S.^Og in c. c. ^ 

corresponding to 
K^S.^O^ cone. 

(Unimolecular) 

0 

24-00 

20-00 


30 

22-71 

18-71 


60 

21 '64 

17-64 

2-0918 

90 

20’58 

16-58 

2-0829 

120 

19-65 

15-65 

2-0439 

150 

18'65 

14-65 

2-0757 

180 

17 90 

13-90 

2-0215 

210 

17-20 

13*20 

1-9783 

240 

16-77 

12-77 

1-8651 

270 

16-03 

12-03 

1-8704 

300 

15-43 

11-43 

1-8654 

330 

14-62 

10-62 

1-9183 

360 

14-10 

10-10 

1-8980 

390 

13-64 

9-64 

1-8354 




Mean 

1-9620 


measurable rate at 35®a^1shice^the^formawT^H ^ 

«c».. ... ... Me... .ba.^;bT..t' “!» 

effect of potassium persulphate concentration 

.ioo '«'• «»= '■»- 

which arc summarised below !— ccntrations of KjSjOg, the results of 
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TABLE III 

HCHO = 0^8 AgNO, = 0*0001 M. Temperature 35<^C 


Gone of KgSgOg 


^ X 10® (Unimolecular) 


0-010 M 


1-9620 


0-015 M 


2-0358 


0 020 M 


2*1221 


0-025 M 


2*4301 


0-030 M 


2*8128 


At all these concentrations of KjSaOg it is found that the overall order of the 
reaction remains one and the rate constant increases with an increase in the initial 
concentration of However, no ^ linear relationship between KoSoOg 

concentration and the rate constant is obtained , which indicates that the reaction is 
probably attended with complications. 

Effect of AgMOg Concentration— 'The following table summarises the 
obtained at various concentrations of the catalyst AgNO*. 

results 

TABLE IV 



HCHO = 0-8 %, KjSjO* = 0-01 M. 


Temperature 35^G. 

Gone of AgNOg 


& X 10® (Unimolecular) 


0-0001 M 


1*9620 


0-0002 M 


2*7527 


0-0003 M 


4*0141 


0-0004 M 


5*3666 


0-0005 M 


6-3058 



When a graph is plotted between the concentration of AgNOs and the rate 
constant a linear curve is obtained, indicating that the rate is linearly related to the 
AgNOg concentration, that is, dxldi<xG. 

Ag . , 
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EFI'EGT OF HGHO CONCENTRATION 


In order to determine the role of formaldehyde concentration on the rate the 
reaction was studied at different initial concentrations of formaldehyde keeping the 
concentration of and AgNOg the same in diSFerent experiments. This study 

revealed that the results are generally not reproducible. The following table 
summarises the results obtained in different set of experiments at the same initial 
concentration of HGHO. 

TABLE V 


ECHO = 0-01 M, KgSA = 0-01 M, AgNOg = 0 0002 M, Temp. « SS^G 


Experiment No. 

k X 10^ (Unimolecular) 

I 

6-2201 

II 

3-4281 

III 

4-4622 

IV 

3-5202 

V 

3-7985 


An examination of the above results shows that there is a large variation in 
the k values in different experiments. However, it is seen that in each case there is 
an approximate constancy in the first order with a slight tendency to decrease in 
the later stages. Thus the results although not reproducible lead to the conclusion 
that the overall order of the reaction is unity. However, when the reaction was 
studied with the same set of solutions on the same day the results were found to be 
fairly reproducible as indicated by the following set of data, 


TABLE VI 

HGHO = 0-01 M, AgNOa =? 0-0002 M, KaS,Og = 0-01 U, Temp. 35oG 

Time in minutes. 

k X 

10® (Unimolecular) 


1st Set 

2nd Set. ' 

15 

5-1433 

5-1433 

30 

5-6268 

5-2431 

45 

5-6449 

5-1022 

60 

5-6192 

5-1894 

90 

5-6577. 

5-1432 

120 

5-5003 

4-9975 

*150 

5-3414 

4-9222 

180 

5-1395 

4-8094 

Mean 

5-5042 

5*0688. . 
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In view of the non-reproducible results obtained therein the subsequent 
experiments were carried out with freshly prepared solution. It will be further 
seen that the rate constant has increased with a decrease in HGHO concentration 
(c. f. the effect of HGOOK concentration on the rate in HGOOK-K^SgOa reaction 
studied by Srivastava and Ghosh).® 

EFFECT OF TEMPERATURE 

In order to determine the temperature coefficient and energy of activation the 
reaction was cairied out at different temperatures from 25°G to 45®G , the results 
of which are recorded below 


TABLE VII 


HGHO 

= 0-8 %, AgNOs = M, 

KaSaOg = 0 01 M. 

Temperature^G. 

^ X 10® (Unimoiecular) 

Temp. Coefficient 

25 

1-9177 

0,85-^25 “ 2*08 

30 

2-7765 


35 

4*0141 

Q ^30'40 ^ 2 04 

40 

5-6671 


45 

7-5028 

0.43-85 ~ 1*86 


Mean 

1*99 


The energy of activation comes out to be 13103 cals. The frequency factor 
and the entropy of activation between this temperature range are calculated which 
are tabulated below : — 


TABLE VIII 

Temperature 

Frequency Factor 
(in litre mols sec”^) 

Entropy of activation. 

As (E. U.) 

2980K 

1-277x105 

- 35-21 

303OK 

1-283x105 

-35-22 

308°K 

1-301x105 

- 35-22 

3130K 

1-361 Xl05 

- 36-05 

SIS'K 

1-243x105 

-35-18 


Mean 

-35-17 
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A large negative value of entropy of activation Suggests that the rat^ 
determining stage is probably either between two oppositely charged ions or between 
an ion and a neutral molecule. 

Catalytic Effect of CuSO^, Persulphate oxidation reactions are known to be 
generally catalysed by Gu'^^ions, hence their effect was investigated in this reaction 
also. The results in the following table show the catalytic effect of Gu’*"*'ions. 


TABLE IX 


HCHO = 0-01 M, KaSgOs m 0 01 M, CuSO^ = 0*0005 M, Temp. 35^0. 


Time in minutes Volume of N/lOO 
Na 2 S 203 in c, c. 

Volume of NaaS 203 
corresponding to 
cone* 

ftxlG® 

(Unimolecular) 

0 

23-95 

19-95 


15 

23-75 

19-75 

0-6755 

30 

23-46 

19-46 

0-8366* 

60 

23-16 

19-16 

0-6793 

90 

22-84 

18-84 

0-6371 

120 

22-53 

18-53 

0-6160 

150 

22-16 

18-16 

0-6212,: 

180 

21-90 

17-90 

0-6026 

240 

21-55 

17-55 

0-5391 

300 

21-00 

17-00 

0-5341 

360 

20-52 

16-52 

0-5223 



Mean 

0-6056 


hnt Cu++ ions Catalyse the oxidation of HCHO by persulphate ion 

but their catalytic effect IS much less than that of Ag* ions. ' 

was inS£S^& ^^Jdition of H^SO, on the Ag+ catalysed reaction 

was investigated, the results of which are recorded below:— 
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TABLE X 


HCHO s= 0 01 M, AgNOj = 0-0002 M, KaSgOg O’Ol M, HjSOa = 0*01 M, 

Temperature 35^G. 


Time in 
minutes 

Volume of N/lOO 
Na 2 S 203 in c* c. 

Volume of Na 2 S 203 k X 10 ^ (Unimolecular) 
corresponding to 
^28203 cone. 

0 

23-55 

19-55 


15 

22-98 

18-98 

2*03 18* 

30 

22-18 

18-18 

2-4258* 

60 

21-37 

17*37 

1-9729 

90 

20-52 

16-52 

1-8705 

120 

19-70 

15-70 

1-8266 

150 

18-81 

14‘81 

1-8500 

180 

18-12 

14-12 

1-8078 

210 

17-51 

13-51 

1-7601 

240 

16-90 

12-90 

1-7321 

300 

15-70 

11-70 

1-7112 

360 

14-61 

10-61 

1-7000 



Mean 

1-8034 


It is seen that the addition of H 2 SO 4 and thereby changing the pH of the 
solution has an appreciable effect on the rate of the Ag"^ catalysed reaction, the 
rate having gone down considerably by the addition of 


EFFECT OF SALT CONCENTRATION 

The effect of variation of salt concentration on the rate of reaction was 
investigated by adding different concentrations of K 2 SO 4 solution to the reaction 
pixture. The results of these experiments are summarised in the following table. 
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TABLE XI 

ECHO = 0*01 M., AgNOg = 0’0002 M, KgSgOg = 0*01 M, temperature 35"G 


Cone, of 
K,SO, 


(«l/2 

_ Axl0« 
(Unimolecular) 

log i 

0-0 lOM 

0-060 

0-244 

5-4854 

r 2-2608 

0-020M 

0-090 

0-300 

4-9449 

-2-3059 

0-025M 

0-105 

0-324 

3-2591 

- 2-4869 

O'OSOM 

0-120 

0-346 

2-6306 

- 2-5800 


An examination of the above data shows beyond doubt that the rate decreases 
with an increase in the ionic strength of the medium. However, no quantitative 
relationship between the rate constant and the ionic strength could be established. 

Further work on this reaction to determine the nature of the products formed 
and stages of formaldehyde oxidation is in progress. 
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SEMI-MICRO DETERMINATION OF THE NEUTRALIZATION EQUIVA- 
LENTS OF HIGHER FATTY ACIDS 


R. D. TIWARI and K G. SRIVASTAVA 

Department of Chemistry, University of Allahabad, Allahabad 
[Received on 20th September, 1961] 

ABSTRACT 

Two methods for the semi-microdetermination of the neutralization equivalents of higher fatty 
acids-one by direct titration with standard alkali and the other by refluxing with an excess of standard 
alkali and back titrating the excess with standard acid have been described. The indicator employed 
for the titration, consists of a mixture of phenol red, cresol red and bromothymol blue which gives a 
sharp end point even in solutions which are coloured due to the solution Ox^ fatly acids in alcohol in 
presence of alkali. 

While working on the fatty acid composition of the liver fat from the fish 
Labeo rohita, a difficulty was experienced in the macro determination of the neu- 
tralisation equivalents of those fatty acid fractions which were obtained in low 
yield. In the present paper two methods - one by direct titration of the fatty acids 
with standard alkali and the other by refluxing a known weight of the acid with 
excess of standard alkali and back titrating the excess alkali with standard acid have 
been employed and it has been found that the latter method gives better results. 

Gorbach^ modified the procedure for the determination of the saponification 
value on the macroscale for small amounts of original sample. Stetten and Grail^ 
used 8 to 20 mg, of the fatty acids, dissolved them in 90% methanol and titrated 
against 046N alkali in 90^^ methanol using a-naphtholphthalein as indicator. In the 
methods described by previous workers, the observation of the end point is vitiated 
in the case of higher fatty acids because of the development of a colour due to the 
solution of higher fatty acids in ethanol, which increases in intensity wiih the addition 
of alkali and heating the mixture. The procedure described below has been 
found to give very satisfactory results in the above determinations by using a 
mixture of indicators which was used earlier by Hinton® for coloured solutions and 
we have iound that this mixed indicator works very satisfactorily in the case of 
higher fatty acids. 


TABLE I 


Direct titration 


Acid 

Neutralization Equivalent 

j Calculated 1 

Found ‘ - 

Laurie 

200-0 

200-8 

198*7 

197-6 

199-2 

Myristic 

228'0 

231-1 

230-7 

229-4 

229-6 

Palmitic 

256-0 

256-4 

257-7 

254-1 

2i3-6 

Elaidic 

282-0 

284-1 

286-4 

285-2 

283*6 

Oleic 

282-0 

281-4 

283‘3 

282-9 

281-6 

Linoleic 

280-0 

279-4 

282-4 

280-8 

281-7 
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TABLE 11 


By refluxing with an excess of the alkali and deterrnining the excess 
by back titration against standard acid 


Acid 

Neutralization Equivalent 

Calculated j 


Found 



Laurie 

200'0 

199-5 

199-4 

200-1 

198-8 

Myristic 

228-0 

22Q'9 

287-6 

229-3 


Palmitic 

256-0 ■ 

255-7 

255-7 

257-3 

258-1 

Elaidic 

282-0 

283-4 

282-9 

284-3 

282-8 

Oleic 

282 0 

281-9 

282-6 

284*1 

284-6 

Linoleic 

280-0 

283-4 

284-1 

280-7 

283-5 


EXPERIMENTAL 

Reagents 

Standard Oxalic add solution 

0*04N solution of the A.R. oxalic acid was prepared in distilled water freed 
from carbon dioxide by boiling, 

Ethanolie potassium hydroxide 

Approximately 0 04N potassium hydroxide solution was prepared in ethanol. 
Standard add solution 

Approximately 0*04N solution of A. R. hydrochloric acid in distilled water 
was employed. 

Indicator 

0'4% ethanolie solutions of phenol red, bromothymol blue and cresol red were 
prepared and a mixture of the three in the ratio of 3:1:1 was employed. 

Procedure 

J. Direct titration 

About 50 mg. of the pure and the dried acid sample was weighed in a pyrex 
glass shell vial and the vial along with the sample was carefully transferred to a 
Jena glass 100 ml conical flask, 10 to 15 ml of 95% neutral ethanol was added and 
the flask shaken to bring the sample in solution. 2 to 3 drops of jthe mixed indicator 
solution were added and the alkali solution was run in from a burette till the yellow 
colour changes to pink-violet cobur. In the course of titration, the solution in the 
flack was stirred using a magnetic stirrer, A blank was run simultaneously using 
all the reagents except the substance. 


2. kefluxing about io mg* of thi fatty acid with about 0*04 N Hhanolu potassium 
loyiioxid^ and bach titrating the excess alkali with standard {about O^OiN) hydrochloric add* 

About 50 mg. of tbe fatty acid sample were weighed in a pyrex glass shell vial 
and the vial along with its contents was carefully transferred to a 100 ml Jena glass 
conical flask fitted with a joint. 2 boiling stones and 10 ml of ethanoiic potas- 
sium hydroxide solution were added and the contents refluxed over a steam bath for 
30 minutes, using a one metre long and 8 mm in diameter Jena glass tube fitted with 
a cone as air condenser. After cooling, the air condenser and the sides of the 
flask were carefully rinsed with 5 ml neutral ethanol. Three drops of the mixed 
indicator were added and the excess alkali titrated against 0*04N hydrochloric acid 
solution till the violet colour changed to yellow. In the course of the titration the 
stirring was done with a magnetic stirrer. A blank was run simultaneously using 
all the reagents except the substance. 
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A BTUD^ of the inhibitory INFLUENOE of Ag+, Au+++, 
AND Cu++ IONS ON THE DEGO.VTPOSITION OF UREA BY 
SOYABEAN (GLYCINE SOJA) UREaSE 


By 
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ABSTRACT 

The present investigation deals with a study of the inhibitory influence of Ag+, Au+++, and GU++ 

ions on the decomposition cf urea by soyabean urease at pH 6*8, 7*8 and 8*8. Silver ions have been found 
to be the greatest inhibitors and the gold ions the least ; copper ions come in between the two. The In- 
hibition in all the cases increases with the concentration of the respective ions and has been found to be 
maximum at pH 6*8. 

introduction 

The inhibition of the enzymic activity of urease by a large number of 
substances has been jeported in literature. Metallic ions have usually acted as 
inhibitors. The influence of a large number of metals e. g. As, Se, Sb, Mn, Sn, Pb, 
Cd, Fe, Bi, Zn, Mg, Te, Hg, Go, Gu, and Ag was studied by A. J. J. Vande Velde.^ 
He found that certain elements like S, Se, As^ Sb, Mn, and Sn showed scarcely any 
effect on the decomposition of urea by urease obtained from soyabean meal. Pb, 
Gd, Fe, Bi and Zn were found to be clearly toxic and Ni, Mg, Te, Hg, Go, Gu, and 
Ag were found to be strong inhibitors. Rukhelman^ reported that lead acted as 
an activator in a quantity of 50-350 mgms. Silver ions were found to be strong 
inhibitors in citrate buffer at pH 5*6 by Kistiakowsky and collaborators.® 

In the present investigation, the influence of Ag"^, Au**"^”**, and Gu’^‘^ ions on the 
decomposition of urea by soyabean urease, in phosphate buffer, and at pH 6*8, 7*8 
and 8*8 has been studied. Silver nitrate, gold chloride and copper sulphate 
solutions have been taken to study the influence of Au+++, and Gu++ ions 
respectively. 

EXPERIMENTAL 

The following solutions were used. 

Urea solution, A 4*0% solution of urea (A.R, B.D.H.) in distilled water, has 
been used. 

Soyabean powder extract. A 2*0% suspension of soyabean (Glycine soja beans) 
powder (obtained by grinding soyabean seeds) in distilled water was prepared. It 
was stirred Tor fifteen minutes and then allowed to settle. The supernatant liquid 
was filtered through glass wool and the filtrate was used. 

Silver nitrate solutions. The solutions of silver nitrate were prepared by 
dissolving the requisite amounts of silver nitrate (Johnson, double crystallised) in 
distilled water. 
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Gold Chloride holutons. They were prepared by dissolving the requisite dtnounts 
of gold chloride (Johnson and Mathey) in distilled water. 

Copper Sulphate solutions. They were prepared by dissolving the requisite 
amounts of copper sulphate (GuSO^. SHoO., A.R. B.DH J in distilled water. 

Buffer solutions. They were prepared by mixing requisite volumes of 
0*1 M KH2PO4 solution and 0*1 M NaOH solution. 

Experiment No. L — This experiment was carried out to study the influence of 
different volumes of a 0*01% solution of silver nitrate, on the decomposition of urea 
by soyabean urease at pH 6*8. 

The reaction mixture in each of the flasks I to IX consisted of 60 ml. 4*0% 
urea solution, 20 ml. buSer solution of pH 6*8, 20 ml. 2*0 ; soyabean powder extract 
and 0*2, 0*6, 0*8, 1*0, 1*2, 1*4, T6, 1*8 and 2*0 ml. respectively of 0*01% silver nitrate 
solution. Flask X contained all the other solutions except silver nitrate and flask 
XI all the other solutions except silver nitrate and soyabean powder extract. 
Requisite volumes of distilled water were added to the diflferent flasks to make up 
the volume of the solution in all the flasks to 140 ml. 

The solutions in all the flasks were kept tightly corked and were covered by a 
few ml, of toluene to prevent bacterial contamination, and this was done in all the 
experiments. 5 ml. of the reaction mixture from the various flasks were taken out 
and titrated against N/50 sulphuric acid, daily for flve days. Methyl red has been 
used as the indicator for titrations in all the experiments. The results are given in 
Table I. 


TABLE I 

Influence of diflferent volumes (varying from 0*2 ml. to 2*0 ml.) 
of 0*01% solution of silver nitrate on the decomposition of urea 
by soyabean urease, at pH 6*85 as indicated by the ml. of 
. N/50 sulphuric acid required to neutralise 5 ml. of the 
reaction mixture taken out from the different flasks 
at the following intervals. 


Flask 

OHr. 

22°C 

24 Hrs. 
19°C 

48 Hrs. 
19°G 

72 Hrs. 
19°G 

96 Hrs. 
19°G 

120 Hrs. 
I8OG 

I 

1-60 

10-90 

11-30 

11-50 

ir55 

11-60 

II 

1*25 

10-35 

11-15 

11-20 

11-45 

11-60 

III 

0*95 

6-90 

7-55 

7-90 

8-10 

8-25 

IV 

0-95 

4-40 

5-05 

5-20 

5-30 

5-55 

V 

0-90 

1-60 

1-80 

2-00 

2-20 

2-35 

VI 

0-90 

1-00 

1-05 

i-io 

1*10 

1-15 

VII 

0-90 

0-90 

0-95 

0-90 

0-90 

0-95 

VIII 

0-95 

0-90 

0-85 

0-90 

0-90 

0-95 

IX 

0-90 

0-90 

0-85 

0-90 

0*90 

0-90 

X 

]-35 

13-80 

14-95 

15-40 

15-60 

16-00 

XI 

0-80 

0-85 

0-90 

0-85 

0*90 

0-85 
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Experiment Pfo, 2 — This experiment was carried out to study the influence of 
different volumes of 0*01% silver nitrate solution on the decomposition of urea by 
soyabean urease at pH 7*8. 

The reaction mixture in each of the flasks I to X consisted of 60 ml. 4‘0% 
urea soln., 20 mL 2*0% soyabean powder extract, 20 ml, buffer solution of pH 7*8 
and 0*2, 0*4, 0'6, 0*8, 1*0, 1*2, 1*4, 1*6, T8 and 2*0 ml. respectively of 0*01% solution 
of silver nitrate. Flask XI contained all the solutions except silver nitrate and 
flask XII ail the solutions except silver nitrate and soyabean powder extract. 
Requisite volumes of distilled water were added to different flasks to make up the 
volume of the solution in all the flasks to 140 ml. 

5 ml. of the reaction mixture were taken out from the different flasks, and 
titrated against N/50 sulphuric acid, daily for five days. The results are given in 
Table II. 


TABLE II 

Influence of the different volumes of 0*01% silver nitrate solution, on the 
decomposition of urea by soyabean urease (at pH 7*8) as observed by the 
ml. of N/50 sulphuric acid required to neutralise 5 ml. of the reaction 
mixture taken out from the different flasks at the following 

intervals. 


Flask 

OHr. 

23“G 

24 Hrs. 
22®G 

48 Hrs. 
22°G 

72 Hrs. 
23°G 

96 Hrs. 
23“G 

120 Hrs. 
23°G 

I 

2-10 

3-90 

4*10 

4*45 

4*65 

4*90 

II 

2-00 

3‘80 

405 

4*35 

4*40 

4*60 

HI 

1-90 

3*80 

4-05 

4*30 

4*35 

4*55 

IV 

1*75 

3'25 

3*40 

3-60 

3*75 

3*90 

V 

1-70 

2-55 

2*85 

3*30 

3*40 

3*60 

VI 

1*70 

2-]5 

2*35 

2*60 

2*70 

2*85 

VII 

1-70 

1-70 

1-80 

1*90 

2*00 

2*00 

VIII 

1-70 

1-70 

1-80 

1*80 

1*80 

1*80 

IX 

1-70 

1-70 

V75 

1*75 

1*80 

1*80 

X 

1-70 

1-70 

1*75 

1*75 

1-75 

1*75 

XI 

2-35 

4*35 

4*40 

4*70 

4-90 

5*10 

XII 

1-60 

1*65 

r65 

1*60 

1*60 

1*60 
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Experiftiifit M 5— 'This experinaent was carried out to study the influence of 
different volumes of a 0*01% solution of silver nitrate on the decomposition of urea 
by soyabean urease at pH 8*8. The contents of the different flasks were the same 
as in the previous experiment, except that buffer solution of pH 8*8 was used in this 
experiment. 


5 ml. of the reaction mixture from the different flasks were taken out and 
titrated against N/50 sulphuric acid^ daily for five days. The results are given in 
Table III. ' ^ 


TABDB III 

Influence of different volumes of 0*01% silver nitrate solution on the 
decomposition of urea by soyabean urease> at pH 8*8, as observed 
by the ml. of N/50 sulphuric acid, required to neutralise 5 ml. 
of the reaction mixture taken out from the different flasks 
at the following intervals. 


Flask 

0 Hr. 
26°G 

24 Hrs. 
27°G 

48 Hrs, 
26°G 

72 Hrs. 
27°G 

96 Hrs, 
25°G 

120 Hrs. 
25°G 

I 

2-55 

4-85 

5-20 

5-25 

5-35 

5*40 

II 

2-20 

4-85 ' 

4-95 

5-05 

5*10 

5*15 

III 

1*95 

3-50 

3*80 

3-80 

4*00 

4*00 

IV 

1*90 

2*25 

2-30 

2'45 

2*60 

2*65 

V 

1*85 

1*95 

2-00 

2-00 

2-10 

2*15 

VI 

1-85 

1*90 

1-90 

1-90 

1-95 

1*95 

VII 

1*85 

1*90 

1-90 

1'90 

1*90 

1*90 

VIII 

1*85 

1-90 

1*90 

1-90 

I '90 

1*90 

IX 

I '85 

1*90 

l-9a 

rso • 

1-90 

1*90 

X 

1*85 

1-90 

1*90 

1-90 

1-90 

1*90 

XI 

2*85 

5*70 

5*75 

5*85 

6*10 

6*15 

XII 

1-85 

1-85 

1 85 

1-80 

1-80 

1*80 


Experiment JVo. 4 — In this experiment^ the influence of different volumes of a 
0*01 % solution of gold chloride on the decomposition of urea by soyabean urease has 
been studied, at pH 6’8, 

The reaction mixture in each of the flasks I to X consisted of 60 ml. 4*0% urea 
solution, 20 ml. 2*0% soyabean powder extract, 20 ml. buffer solution of pH 6*8, 
and 0*23 0*4, 0*6, 0*8, TO, T2, 1*4, T6, 1*8, and 2*0 ml. respectively of 0*01% gold 
chloride solution. Flask XI contained all other solutions except gold chloride and 
flask XII all the solutions except gold chloride and soyabean powder extract. 
Requisite volumes of distilled water were added to different flasks to make up the 
yolume of the solutions in each of the flasks to 140 ml. 
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5 ml. of the reaction mixture were taken out from the different flasks and 
titrated against N/50 sulphuric acid, daily for five days. The results are given in 
Table IV. 


TABLE IV 

Influence of the different volumes of a 0'0l% solution of gold chloride 
(at pH 6*8) on the decomposition of urea by soyabean urease, as 
observed by ml. of N/50 sulphuric acid required to neutralise 
5 ml. of the reaction mixture taken out from the different 
flasks at the following fntervals. 


Flask 

Ohr. 

19°G 

24 hrs. 
18°G 

48 hrs. 

19«G 

72 hrs, 
190G 

96 hrs. 
19°C 

120 hrs. 
19°G 

I 

1-95 

9-25 

9-75 

10*15 

10*30 

10*35 

II 

1-80 

9-60 

9-65 

10*00 

10*25 

10*25 

III 

1-80 

9-50 

9-60 

9*70 

9*70 

9*70 

IV 

1-80 

9-30 

9*35 

9*55 

9*60 

9*65 

V 

1-80 

8*80 

8-80 

9*05 

9’ 10 

9*05 

VI 

1*80 

8-30 

8-25 

8*25 

8*40 

8*35 

VII 

I'85 

8-20 

8-10 

8*25 

8*25 

8*25 

VIII 

2-00 

8-20 

8-10 

8*25 

8*25 

8*00 

IX 

1*95 

7-50 

7-50 

7*70 

7*90 

7*70 

X 

2*00 

7-85 

7-80 

8*05 

8*20 

8*00 

XI 

2-00 

9-60 

10*70 

10*95 

11*20 

11*20 

XTI 

0-85 

0-85 

0-90 

0*85 

0'85 

0*85 


Experiment No • 5 — This experiment was carried out to study the influence of 
different volumes of 0*01% solution of gold chloride on the decomposition of urea by 
soyabean urease at pH 7’8. The contents of the different flasks were the same as 
in the previous experiment except that buffer solution of pH 7*8 was used in this 
experiment. 

5 ml. of the reaction mixture were taken out from the different flasks, and 
titrated against N/50 sulphuric acid, daily for five days. The results are given in 
Table V. 
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TABLE V 


Icfluence of different volumes of 0*01% gold chloride solution, on the 
decomposition of urea by soyabean urease, at pH 7*8, as observed by 
ml. of N/50 sulphuric acid required to neutralise 5 mL of 
reaction mixture taken out from the diflFerent flasks at the 
following intervals. 


Flask 

0 Hr. 
17°G 

24 hrs. 
17=0 

48 hrs. 
17’G 

72 hrs. 
18°G 

96 hrs. 
19°G 

120 hrs. 
19°G 

I 

1*95 

2-75 

2-80 

2*90 

3*10 

3-10 

II 

1-90 

2-75 

2-80 

2-85 

3-00 

3-00 

III 

1*95 

2*80 

2*80 

2-85 

3-00 

3*00 

IV 

1*95 

2-75 

2*75 

2*85 

3-00 

3-00 

V 

1-95 

2-75 

2-80 

2-85 

3-00 

3-00 

VI 

1*95 

2-75 

2*80 

2*90 

3*00 

3^00 

VII 

1-90 

2-80 

2-80 

2-85 

3-00 

3*00 

VIII 

1-95 

2-75 

2‘80 

2-85 

2-95 

3*00 

IX 

1-95 

2-75 

2-75 

2-85 

2-90 

2*90 

X 

1-95 

2-70 

2-75 

2‘85 

2-90 

2*90 

XI 

2*00 

2*75 

2*90 

3-00 

3-10 

3*15 

XII 

1-55 

1-55 

1-55 

1-55 

1-55 

1*55 


Experiment No^ d— This experiment was carried out to study the influence of 
different volumes of a 0*01% gold chloride solution on the decomposition of urea by 
soyabean urease at pH 8*8. The contents of the different flasks were the same as 
in the previous experiment except that buffer solution of pH 8*8 was used in this 
experiment. 

5 ml. of the reaction mixture were taken out and titrated against N/50 
sulphuric acid| daily for five days. The results are given in Table VL 
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TABLE VI 


Influence of difiFerent volumes of 0-01% gold chloride solution on the 
decomposition of urea by soyabean urease, at pH 8'8, as observed by 
the ml. of N/50 sulphuric acid required to neutralise 5 ml. of 
the reaction mixture taken out from the different flasks at 
the following intervals. 


Flask 

0 Hr. 
18°G 

24 hrs. 
17°G 

48 hrs. 
16°G 

72 hrs. 
leOQ 

96 hrs. 
15°G 

120 hrs. 

170G 

I 

2-25 

3’90 

4*20 

4-30 

4-30 

4-35 

II 

2-20 

3-80 

2-95 

4-20 

4-20 

4-20 

III 

2-25 

3-80 

4-05 

4-25 

4-25 

4-25 

IV 

2-25 

3-80 

4-00 

4T5 

4'25 

4*25 

V 

2-25 

3-80 

4-00 

4*15 

4*25 

4-25 

VI 

2*20 

3-75 

3-95 

4T0 

4-15 

4-15 

VII 

2-25 

3-75 

3-95 

4-10 

4-15 

4*15 

VIII 

2*25 

3-65 

3-75 

3-85 

3*85 

4*00 

IX 

2*25 

3-65 

3*75 

3-85 

3-85 

4-00 

X 

2-25 

3-65 

3-80 

3-85 

3-85 

4-00 

XI 

2-50 

4-05 

4-35 

4*35 

4-50 

4-50 

XII 

1-80 

1-85 

1-85 

1-80 

1-80 

1-80 


Experiment JVo. 7— In this experiment, the influence of different volumes of a 
0*01% solution of copper sulphate, on the decomposition of urea by soyabean urease 
at pH 6‘8 has been studied. The reaction mixture in each of the different flasks I 

solution, 20 ml, buffer solution of pH 6-8, 20 ml 
2-0 /o soyabean powder extract and 0-2, 0-4, 0’6, 0'8, bO, 1-2 b4 I'G 1*8 and 2-0 ml*, 
respectively of 0-01% copper sulphate solution. Flask XI contained all other 
solutions except copper sulphate solution and flask XII all the solutions except 
copper sulphate and soyabean powder extract. Requisite volumes of distilled water 
were added to different flasks to make up the volume of the solutions in all the 
nasks to 140 ml. 


reaction mixture were taken out from the various 
TaWeVn^’”** ^ sulphuric acid, daily for five days. The results are 


flasks and 
§iven in 
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TABLE Vli 

Influence of tbe different volumes of 0*01% solution of copper sulphate 
on the decomposition of urea by soyabean urease at pH 6*8, as 
observed by the ml. of N/50 sulphuric acid required to neutralise 
5 ml. of the reaction mixture taken out from the different 
flasks at the following intervals. 


Flask 

0 Hr. 
19°C 

24 hrs. 
18°G 

48 hrs, 

17'G . 

72 hrs. 
17*'G 

96 hrs. 

n^G 

120 Hrs. 
20°G 

I 

1-80 • 

14*80 

16-95 

18-10 

18-10 

18-15 

II 

1-75 

12-80 

13*70 

14-50 

14-55 

14-55 

III 

1-75 

11-20 

11-90 

12-30 

12'30 

12-25 

IV 

1*75 

9-70 

10*40 

10-75 

10-75 

10-80 

V 

1*85 

8-50 

9*10 

9-30 

9-30 

S*30 

VI 

1-80 

7-60 

7*90 

7*95 

805 

8-00 

VII 

1-80 

6-30 

6-60 

6-65 

6-85 

6-85 

VIII 

1-80 

6-10 

6*20 

6 35 

6*40 

6*40 

IX 

1-80 

5-50 

5*75 

5-90 

6-00 

6-00 

X 

1*75 

5-30 

5*30 

5-50 

5-60 

5-60 

XI 

2*15 

19-00 

23-00 

24-70 

25-70 

26*00 

XII 

0-85 

0-85 

0-85 

0*90 

0-90 

0-90 


Experiment Jiom 8 — ^This experiment was carried out to study the influence of 
different volumes of a 0*01% solution of copper sulphate on the decomposition of 
urea by soyabean urease at pH 7*8, The contents of the different flasks were the 
same as in the previous experiment except that buffer solution of pH 7*8 was used 
in this experiment. 

5 ml. of the reaction mixture from the different flasks were taken out and 
titrated against N/50 sulphuric acid daily for five days. The resuits are given in 
Table VIII. 
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TABLE Vin 

Influence of different volumes of a 0*01% solution of copper sulphate on 
the decomposition of urea by soyabean urease, at pH 7*8, as observed 
by ml. of N/50 sulphuric acid required to neutralise 5 ml. of 
the reaction mixture taken out from the different flasks at 
the following intervals. 


Flask 

Ohr. 

27®G 

24. hrs. 
26'>G 

48 hrs. 
27°G 

72 hrs. 
250G 

96 hrs. 
25'’G 

120 hrs 

25 OG 

I 

2-10 

3-60 

3-90 

4-00 

4-15 

4*30 

II 

2*10 

3*40 

3*60 

3-75 

3-95 

4*10 

III 

2-10 

3-30 

3-60 

3 '65 

3-90 

3-95 

IV 

2-10 

3-10 

3-20 

3*30 

3-50 

3*65 

V 

2-10 

2-90 

3-10 

3-15 

3-40 

3-55 

VI 

2*05 

2-90 

2*90 

3-00 

3-30 

3*30 

VII 

2*05 

2-60 

2-80 

2-95 

330 

3'30 

VIII 

2-05 

2-60 

2-80 

2*95 

3-10 

3*20 

IX 

2-05 

2-60 

2-75 

2'95 

3-10 

3*20 

X 

2*05 

2*50 

275 

2-90 

3-10 

3-20 

XI 

2'15 

5-20 

5-75 

5-80 

6-00 

6*10 

XII 

1*60 

1*60 

1*60 

1'60 

1-60 

1*60 


Experiment JV*o. S— This experiment was carried out to study the influence of 
different volumes of solution of copper siilphate on the decomposition of 

urea by soyabean urease at pH 8*8. The contents of the different flasks were the 
same as in the previous experiment, except that buffer solution of pH 8*8 was used 
in this experiment. 

5 ml. of the reaction mixture from the different flasks were taken out and 
titrated against N/50 sulphuric add daily for five days. The results are given in 
Table IX. 
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TABLE IK 

Inflaeace of different volumes of 0*0 solution of copper sulphate cii 
the decomposition of urea by soyabean urease, at pH 8*8, as 
observed by the mi. of N/50 sulphuric acid required to neutralise 
5 ml. of the reaction mixture taken out from the various 
flasks at the following intervals. 


Flask 

OHr. 

27°G 

24 hrs. 
25'‘G 

48 hrs. 
25°G 

72 hrs. 
25° G 

96 hrs. 
25°G 

120 hrs. 
25=G 

I 

2-40 

3-70 

3*85 

3-90 

4-05 

4*05 

II 

2*30 

3-35 

3-45 

3*55 

3*65 

3-70 

III 

2-30 

3-20 

3-30 

3*35 

3-45 

3*50 

IV 

2-30 

2‘95 

3-00 

3-10 

3-15 

3-30 

V 

2*25 

2-75 

2-75 

2-80 

2 90 

3*00 

VI 

2-25 

2-65 

2*65 

2-75 

2-80 

2*90 

VII 

2-20 

2-55 

2-60 

2'65 

2-70 

2-80 

VIII 

2-20 

2-50 

2-50 

2-50 

2*55 

2-65 

IX 

2-10 

2*40 

2-50 

2-50 

2‘55 

2*60 

X 

2*10 

2-40 

2-50 

2-50 

2-50 

2-60 

XI 

2-45 

3-85 

3-90 

3-90 

4*05 

4*l0 

XII 

1-80 

1-80 

1-80 

1-80 

1*80 

1*80 


DISCUSSION 

These experiments were performed with a view to investigate the cx)mparative 
influnce of Ag+, and Cu** ions on the decomposition of urea by soyabean 

ureate. The influence of different volumes of 0*4139% and 01% solutions of 
silver nitrate, on the decomposition of urea by soyabean urease at pH 6*8, was first 
studied but, it was found that there occurred either no decomposition or very little 
decomposition of urea even after five days. A more dilute solution (0*0 i%) was 
therefore, tried. Experiment No. 1 was carried out to study the influence of 
different volumes i, varying from 0*2 ml to 2*0 ml.) of 0*0 1% solution of silver 
nitrate on the decomposition of urea by 20 ml. of 2% soyabean powder extract at 
pH 6*8. The results ot the experiment show that the inhibition of the enzymic 
activity of urease, increases with an increase in the volume of silver nitrate solution 
from 0*2 ml, to 2*0 ml. With 0*2 mi. of silver nitrate solution, the inhibition is very 
little, but with 2*0 ml. of it, the reaction almost stops totally^ 

Experiment No. two and three were carried out to study the influence of 
different volumes of 0*01% solution of silver nitrate on the decomposition of urea by 
soyabean urease at pH 7*8 and 8*8 respectively. These experiments were carried 
out to study the influence of pH on the inhibiioiy effect of Ag”^ ions. The results oi 
these cxpciimcnts indicate that Ag*^ ions act as suong inhibiiors for urease at pH 
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6-8, ^-8 and 8’8 and there is very little difiference in the inhibition at the diflierent 
pH studied. 

In order to study the influence of gold ions, different volumes of a 0’1% solu- 
tion of gold chloride were first tried, but it was found that there was very ittle 
decomposition of urea. So in this case also a 0 0 solution of chloride was 

tried, at pH 6-8, in experiment number four. The volume of this solution was 
varied from 0-2 ml. to 2*0 ml. The results indicate that Au+++ ions act as inhibitors 
and the inhibition increases with an increase in the concentration of Au ions. 
Experiment number five and six were carried out to study the influence ol ditter^t 
volumes of0"01% solution of gold chloride on the decomposition of urea by 
soyabean urease at pH 7*8 and 8*8 respectively. These experiments were carried 
out to study the influence of pH on the inhibitory effect of Au ions on the 
decomposition of urea by soyabean urease. The results^ of these experiments 
indicate that the inhibition is maximum at pH 6‘8, There is very little inhibition 
at pH 7*8 and 8*8. 

The influence of copper ions was first studied, by using different volumes of 
0*3041% and 0*1^ solutions of copper sulphate, but there occurred either no 
decomposition or very little decomposition of urea. A 0*01% solution of copper 
sulphate was, therefore, tried at pH 6*8, in experiment^ no. 7. The results of this 
experiment indicate that ions act as strong inhibitors, and the inhibition 

increases with an increase in the concentration of Cu'^'^ ions. Experiment numbers 
eight and nine were carried out to study the influence of different volumes of 0*0i% 
copper sulphate solution on the decomposition of urea by soyabean urease at pH 7*8 
and 8*8 respectively. These experiments indicate that inhibition by copper ions is 
much more at pH 6*8 than at pH 7'8 and 8*8. 

The experiments with Ag"^, Au'^’^"^, and ions indicate that silver ions 

have the greatest inhibitory influence and the gold ions the least. The inhibitory 
influence of Cu*’^ ions is greater than that of Au'*”^**’ ions, but is much less than that 
of Ag+ ions. 
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INFLUENCE OF THE SOURCE OF CARBON ON PHOTOCHEMICAL 
FIXATION OF NITROGEN IN AQ,UEOUS MIXTURES ’ 
CONTAINING MOLYBDIC ACID AS THE CATALYST 

KRISHNA BAHADUR and KRISHNA MURARI LAL AGRAWAL 
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[Received on 8th September, 1961] 

ABSTRACT 

Photochemical fixation of nitrogen is three folds increased when paraformaldehyde of the mixture 
of paraformaldehyde, water and molybdic acid is substituted by tartaric acid. In this mixture of 50 ml 
volume 0*6134 mg of molecular nitrogen is fixed on an exposure of about 450 hours as compared to only 
0*2507 mg. of nitrogen fixation in similar mixture containing paraformaldehyde as the source of carbon 
on similar exposure. 

The quantitative aspect of the photochemical fixation of nitrogen observed 
by Bahadur, Ranganayaki, and Saotamaria^ in 1948 is being studied and the role 
of different catalysts on this fixation is under publication elsewhere* The influence 
of change of carbon source has been examined statistically and it has been observed 
that the fixation is greatly influenced by the nature of the carbon compound present 
in the mixture. 

Originally Bahadur eL aL employed paraformaldehyde as the source of carbon 
and colloidal molybdenum oxide as the catalyst. In the experiment described in 
the present communication; molybdic acid has been used as catalyst and the fixation 
of nitrogen in the mixture containing paraformaldehyde has been compared with 
that in an mixture containing tartaric acid as the source of carbon. 

experimental 

Nine mixtures containing 0*3000 gm of analytically pure tartaric acid, 0*0503 
gm of pure molybdic acid and 50 ml of glass distilled water were prepared in 150 
ml Sigcol conical flasks. All these flasks were plugged with surgical cotton and 
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the mixtures were sterilised at 15 lbs steam pressure for about 30 minutes. After 
cooling, the mouths of the flasks were sealed with polythene paper and transparent 
adhesive tape to prevent the loss of water by evaporation and avoid contact with 
outside air. This eliminated contact of the mixture with any traces of ammonia or 
amine which may be present in the atmospheric air. Another similar set of nine 
mixtures was prepared using the same amount of paraformaldehyde instead of 
tartaric acid. 

Four of the flasks of each set were exposed to sunlight and another four were 
kept covered with four fold thick black cotton cloth. One flask was kept for the 
estimation of nitrogen and for the identification of amino acids. The period of 
exposure was the time for which the flasks were kept in sunlight. The variation of 
temperature during the exposure was noted from time to time. 

Nitrogen present in the control mixture and in the mixtures exposed to 
sunlight for about 450 hours was estimated in a semi-micro Kjeldahrs apparatus 
using A. R. chemicals. The identication of amino acids was carried out using 
circular paper chromatography technique*. The two running solvents used for the 
seperation of amino acids were: 

(1) n-Butanol-water-glacial acetic acid (4:5: 1). 

(2) Phenol-water (80 : 20) in an atmospher of ammonia. 

The results obtained by the analysis of the above mixtures are tabulated. 


DISCUSSION 

Tartaric acid fixes much more nitrogen as compared to paraformaldehyde in 
the mixture under experimental conditions described in the present communication. 
The statistical study of this fixation shous that the fixation of nitrogen in 
both the mixtures t. one which contains paraformaldehyde and the one which 
contains tartaric acid as the source of carbon, is quite significant. For the same 
period of exposure the quantity of nitrogen fixed in 50 ml of the mixture was 
0*2597 mg. with paraformaldehyde and 0'6134 mg. with tartaric acid as carbon 
source. 

•The statistical data of this fixation is described below; 
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Photochemical fixation of nitrogen in mixtures containing tartaric acid as the source of carbon and molybdic acid 

as the catalyst after an exposure of about 450 hours. 

(Variation of temperature during the exposure : 32°G to 52°C) 
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mixtures exposed to light were much intense in colour than in similar mixtures kept in dark indicating thereby greater 
concentration of amino acids synthesised in the mixtures exposed to light, I he intensity of the rings of individual 
amino acids synthesised in the mixtures was of the following order : 

Light : Glutamic acid> serine > prolinc> alanine 
Dark : Glutamic acid> serine > proiine. 



Photochemical fixation of nitrogen in the mixture containing paraformaldehdc as the source of carbon and 
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Source of 
carbon 

Condition 

Average ml 
ofN/48-5 
sulpuric 
acid to titrate 
liberated 

Statistical 

Error 

Signifi'^ 

cance 

iactor 

Diff. of 
two aver- 
ages 

Remarks 



ammonia 





Parafor- 

maldehyde. 

Light 

Dark 

J5-975 

15*075 

± 0*1601 

± 0*1213 

0*6012 

0*9000 

Result is 
significant 

Tartaric 

acid. 

Light 

Dark 

21*125 

19*000 

± 0*1250 

± 0*0000 

0*3750 

2‘1250 

Result is 
significant 


Thus it is proved that tartaric acid is a better source of carbon than 
paraformaldehyde in the photochemical fixation of nitrogen in aqueous mixtures 
containing moiybdic acid as the catalyst. 
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StliDY OF STABILITY OF SOME MET AL-ORGANO SOLS — PART I 

By 

R. P. AGARWAL andS. P. MUSHRAN 


Ckmical Laboratories, University of Allahabad, Allahabad 
ABSTRACT 


The experimental data for the stabEity of some gel forming metal-organo sols are presented. The 
variation of stability and rates of gelation with coagulant concentration is discussed. The rate of gelation 
decreases with the square root of coagulant concentration according to the Packter’s eauation 


oi W = 


Additioa of electrolyte leads to slow coagulation of the anisometri : 


particles and ordered orientation giving rise to gel structure, Further additioa of electrolyte corresponds to 
rapid gelation and syneresis. 


It is well known that very often addition of electrolytes to concentrated sols 
of amsometric particles leads to gelation. According to Verwey and Overbeck (i) 
the stability factor W for a sol is correlated with the energy of interaction V 
between the colloidal particles, according to the equation : 

J 

2 


Where s = rja, r being the distance between the colloidal particles and a being the 
radius. Large amount of available experimental data satisfactorily explains the 
above relation and shows that gelation is a slow coagulation process. In several 
publications (2) from these laboratories it has been shown that gelation corresponds 
to slow coagulation followed by a stable structure formation, despite that certain 
repulsion exists between adjacent particles. The formation of structuiations in 
these gel forming systems have been studied in detail using electron miacroscoDv 
streaming birefringence and light scattering methods. 


Recently Packter (3) has suggested that coagulation of dilute sols with such 
particles occurs by a perpendicular orientation of adjacent particles. Packter in 
one 01 ms recent publications has calculated zeta-potentials for certain sols. He has 
given the following relation for the coagulation of dialysed plate and rod (needle) 
like sols followed by perpendicular orientation at 20°G by monovalent ions : 


(/log W 


300 


where — log W — log tjt (t is the limiting time for coagulation) and Ce is the con> 
centration of the electrolyte. 

The value of surface potential ) has been calculated by the following 
relation (Gf. 3) : 

y = «p.(.c/2 - 1 ) 
exp. {.z/2 + 1) 

where Z = Ve V is the valency of the coagulating ions, T is the sol tern- 

perature, e and K are the physical constants. 
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Packter has plotted log as a faaction of VcT in several sols such as metal 
hydroxide sols> vanadic acid and tungstic acid sols from the available data^and has 
established a linear relation between log fV and %/ Cg given by the expression : 

logW = Cj 7^ - Cg 7^ 


where and Cg are constants 

. In this paper we are presenting our results on the variation of the stability of 
some unstirred gel yielding mkal adipate sols as a function of the gelating electro* 
lyte concentration employing the Packter’s equation. 


EXPERIMENTAL 

Iron Adipate Sols : 

Three samples of iron adipate sols were prepared by adding to a fixed quantity 
of the ferric chloride solution, different amounts of sodium adipate solution of suit- 
able concentrations so as to obtain a clear stable sol. The iron content in all the 
three samples was kept constant by estimating it and diluting the sols with distilled, 
water wherever necessary. The total volume of 500 ml. was kept the same in all 
samples. The three sols (Aj), (Bi) and (Gj) had the following compositions : 

Volume of 0'1666 M Ferric chloride in each sample = 200*0 ml. 


Volume of 0*1666 M Sodium adipate : 
in sol (Ai) = 50-0 ml. 
in sol (Bi) = 60*0 ml. 

in sol (Cl) == 70*0 ml. 


The sols were purified by dialysis for a period of 48 hours at room temperature. 
The sols were preserved in Jena glass bottles at low temperature to avoid the effect 
of ageing. 


Zirconium Adipate Sols : 

Three samples of the i^irconium adipate sols were prepared by mixing a fixed 
quantity of zirconium nitrate and different amounts of sodium adipate, keeping the 
total volume of 500 ml. same in all cases. The sols were purified by dialysis and 
preserved in Jena glass bottles at low temperatures. By estimating the zirconium 
content in each case, the amount of the same was kept constant by dilution of the 
sol with distilled water. 

Sols (Ag), (Bg) and (Cg) had the following compositions* Volume of 0*0833 M 
zirconium nitrate in each sample = 250 ml. 

Volume of 0*0417 M sodium adipate t 
in sol (Ag) - 160 ml. 

in sol (Bg) — 180 ml. 

in sol (Cg) = 200 ml. 

The sols were dialysed for 72 hours. 
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Procedure : 

For the observations of the gelling time, a fixed amount of the sol was taken in 
a series of test tubes. In another set of test tubes, were taken' ’different volumes of the 
standard solution of the gelating electrolyte KGl or KaS 04 , diluted with the 
requisite amount of distilled water to make the total volume same in all cases. The 
test tubes were thermostatised at 32 db 0*1°G for half an hour. The sol 
and the electrolyte were mixed together by mixing back and forth twice and the 
gelling time was recorded according to Bose and Mushran (4). The stability of 
the gelling sols was determined from the relatidh: log W = log //« where Tis the 
limiting time for rapid gelation. The results are presented in the follovying lables : 


TABLE I 

Stability {W) depending upon the vaiying amounts of the electrolyte 


Volume of th 
Total volume 
Limiting time for 

e sol Ai = 3*00 ml. 

*= 4*00 ml. 

rapid gelation T == 8*50 mins. 

K.G1 in (gtn. eq. per 

100 ver 

Gelling time t in mins. 

Log IV = tiT 

4-98 

8-3 

0 0000 

4-72 

14-5 

0-2320 

4-46 

22-0 

0-4130 

4-17 

35-5 

0 6208 

3-86 

54-5 

0-8070 

3'52 

86-0 

1 0031 


TABLE II 


Stability {W) depending upon the varying amounts of the electrolyte 
Volume of the sol = 3 00 ml. 

Total volume = 4'00 ml. 

Limiting time for rapid gelation 7 = 5*50 mins. 


.KGl in (gm. eq. per litre) 

100 vcr 


1/2 


Gelling time t in mins. 


Log W « i/r 


4-98 : 

3-5 

0-0000 

4-72 

9-0 

0-2138 

4-46 

13*3 

0-3899 

4-17 

22-0 

0-6020 

3*86 

33-0 

0-8037 

3-52 - 

56-0 

1-0078 
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tbale hi 


Stability {fV} depending upon the varying amounts of the electrolyte 
Volume of the sol Cl = 3 00 ml. 

Total volume = 4*00 ml. 


Limiting time for rapid gelation t = 4*00 mins. 


KGl in (gm. eq. per litre) 

100 

Gelling time / in mins. 

Log_H^ = /y7 

4-98 

4-0 

0-0000 

4-72 

6-0 

0-1761 

4-46 

10-0 

0-3979 

4-17 

16-0 

0-6021 

3-86 

24-0 

0-7782 

3'52 

28-0 

0-9777^ 


TABLE IV 

Stability (W) depending upon the varying amounts of the electrolyte 
Volume of the sol Aj = 3*00 ml. 

Total volume = 4*00 ml. 

Limiting time for rapid gelation7 = 6‘00 mins. 


KgSOi in (gm. eq. per litre)^^^ 
100 ycJ 

Gelling time t in mins. 

Log W = t]7 

2*41 

6-0 

0-0000 

2-28 

11-5 

0-2825 

2-15 

23*0 

0-5835 

2-02 

47-0 

0-8939 

1-87 

90-0 

1-1760 
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TABLEV- 

Stability {W) depending upon the varying amounts of the electrolyte 
Volume of the sol Bi „ = 3'00 ml. . 

Total volume = 4*00 ml. 


Limiting time for rapid gelation T = 4‘50 mins. 


KjjSO, in (gm. cq. per litre) 

100 vq 

1 Gelling time / in mins. 

1 

1 1 

j 

Log W = tj t 

2’41 

- 4-5 

0*0000 

2-28 

8-0 

0*2499 

2-15 

16-5 

0*5643 

2'02 ' 

330 

0*8653 

1-87 

65-0 

1*1597 


TABLE VI 

Stability (H^) depending upon the varying amounts of the electrolyte 
Volume of the sol Q = 3*00 ml. 

Total volume = 4*00 ml. 

Limiting time for rapid gelation T = 3*50 mins. 


KjSOi in (gm. cq. per litre) 

100 

Gelling time t in mins. 

Log.jy == tjj 

2*41 

3’5 

0*0000 

2*28 

6*0 

0*2341 

2*15 

11*0 

0*4973 

2*02 

22*0 

0*7983 

- 1*87 

38*0 

1*0357 
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■tABLE Vlt 

Stability (H') depending upon the varying amounts of the electrolyte 
Volume of the sol A, = 4*00 ml. 

Total volume _ 5-00 ml. 


Limiting time for rapid gelation T = 3 00 mins. 


KGl in (gm. cq. per litre) 

100 ^cT 

Gelling time / in mins. 

. ■ 1 

1 

J 

Log w = tj-r 

n-14 

3-0 

ooooo 

10’58 

7*5 

^ 0-3980 

9*95 

16-0 

0-7270 

9*33 

350 

1-0670 

9-00 

500 

1-2219 

8-66 

740 

1-3921 

8-25 

IlOO 

1*5643 

7*87 

1600 

1*7270 


TABLE VIII 

Stability depending upon the varying amounts of the electrolyte 
Volume of the sol =s 4*00 mh 


Total volume s= 5 00 ml. 

Limiting time for rapid gelation r 200 mins. 


KCl in (gm. eq. per litre) 

100 ^'cr~ 

1 Gelling time ( in mins. 

Log W = tjt 

11*14 

2-0 

OOOOO 

10*58 

4-0 

6*3010 

9-95 

9*0 

0-6532 

9*33 

19-0 

0*9178 

9-00 

29*0 

1*1614 

8-66 

42-0 

1*3222 

8-25 

59 0 

1*4699 

7*87 

88-0 

1-6435 
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tABLiS IX 

tabihty (W) depending upon the varying amounts of the electrolyte 
Volume of the sol G, = 4-00 ml. 

t; Total volume = 5*00 ml. 

Limiting time for rapid gelation r =s T 50 mins. 


KOI in (gm. eq. per litre) 1/2 

100 vc* 


Gelling time t in mins. 


Log W — tj t 


10-58 

9-95 

9-33 

8-66 

7-87 

7-07 

6-67 

608 


1- 5 

2- 5 
5-5 

12-0 

26-0 

57-0 

80-0 

120-0 


0-0000 

0-2218 

0-5643 

0- 9031 

1- 2389 
1-5798 
1*7270 
1-9031 


The results presented in tables VII to IX are shown graphically in Fig. 3: 
^'rcohiam 





100 Vc« (in gm. eq. per litre)* 
S. - log JV versus ytTg 



DlSdUSSiON - 

it is well known that the mechanism operative during the coagulation of sols 
by inorganic? electrolytes is the compression of the double layer leading to a reduc- 
tion of the repulsive potential and a decrease of the stability. A perusal of the data 
presented in Tables I to IX show that the stability of the metal adipate sols investi- 
gated in this paper decrease on addition of electrolytes. The stabilities have been 
determined from the relation log W = log where Tis the limiting time of rapid 
gelation when the repulsion energy between adjacent colloid particles falls to very 
low values. An inspection of Figs, i to 3 shows a linear relation between log PV and 
V Cg suggesting that slow thixotropic gelation is a slow coagulation process, involv- 
ing oriented aggregation of the colloidal units. 
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adiabatic gradient in stellar atmospheres 
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ABSTRACT 

^ There are tw o methods of calculating ihc adiabatic gradient required for a convective zone. One 
entropy conswerations and the other from energy considerations. Many authors have tried the 
expression for the adiabatic gradient for a mixture of elements including 
of radiation field is derived from energy considerations. The value obtained from this method 
IS ound to be in good agreement with that obtained from entropy considerations. 


INTRODUCTION 

stellar observations, especailly the limbdarkening data of the sun, it 
IS found that the outermost layers of a star are in radiative equilibrium. But from 
theoretical considerations it is obvious that the atmosphere, when extended to 
peater optical depth cannot be in stable radiative equilibrium. The convective 
iayer bdow the photosphere is present in almost all the stars except few very hot 
ones. The main reason for setting up of this convection is the ionisation of some 
material During the ionisation lot of energy is diverted towards this ionisation, 
creating larger temperature gradient. In the very hot stars the ionisation is almost 
compete and hence no convection. Schwarzschild (1906) was the first to study the 
mechapeal stability of stellar atmosphere under radiative equilibrium. He showed 
that the atmosphere will be convectively ustable if the radiative temperature 
gradient at any levd in a stellar atmosphere exceeds the adiabatic temperature 
gradient corresponding to the same values of temperature and pressure. In the 

^ transport of energy by convection is quite 

appreciable. Due to the convective motion, the ratiativc temperature gradient will 
ne reduced. The actual temperature gradient present in the convective zone will be 
gpater than the adiabatic temperature gradient but less than radiative temner- 
pure gradient (VVoolley and Stibbs, 1953). The exact value of the actual 
temperature gradient present depends on the relative importance of the 
convictive and radiative transports of energy. But for all practical purposes one 
pually uses the adiabatic temperature gradient which is the lower lirnit of the 

temperture gradient expected in the convective zone. Hence the knowledge of the 
adiabatic gradient appropriate to the physical conditions existing in the convective 
be^madc.^^*'^*^^^^ i>efore any study ot the physical parameters in the zone can 


The adiabatic gradient for a gas is given by the expression, 

/ d log T ^ ^ r-i 

\ d log /ad r 

In this expression quantity T is a function of ionisation being 5J3 for monoatomic 
gas. Hence as the ionisation varies, this f also varies and we cannot have any 
simple relation for this T valid for the whole range of convective zone. Therefore 


E 98 ] 



one is forced to calculate the ionisation and consequently adiabatic gradimit for 
every point in the model atmosphere. The effect of the ionisation on the variation 
of r Was shown by Fowler and Guggenheimj (1925). Unsold (1930) pointed out 
that the adiabatic gradient in a gas dissociating into ions and electrons will decrease 
from 0*4, the value corresponding to the perfect gas. After this there have been a 
large number of investigations of the convective zone in stars with various modifi- 
cations for the calculation of this adiabatic gradient. 

Unsold (1938) deduced an expression for the adiabatic gradient of a gas, one 
component of which is being ionised. Since in hot stars the radiation pressure is an 
appreciable fraction of gas pressure, it favours setting up of early conva:tion. This 
is so because the radiation effect is to decrease the adiabatic gradient and to 
increase the actual temperature gradient (Underhill 1949a). So the effect of the 
radiation field on the adiabatic gradient has also to be considered. Gonsequmtly 
Underhill (1949a) modified Unsold’s one component expression to include the 
radiation field. Unsold (1948) gave a general method of calculating the adiabatic 
gradient of a gas from entropy considerations where several components may be in the 
process of ionisation. His method is to calculate the entropy of the gaseous mixture 
as a function of log T and log Fg . The adiabatic gradient is then obtained by numeri- 
cal differentiation along the loci of constant entropy. Underbill (19496) pointed out 
that the entropy due to radiation field is also to be added to the entropy of the 
gaseous mixture and suggested how Unsold^s method should be : modified* Using 
this mathod of calculating the adiabatic gradient. Pecker (1953) has constructed 
many atmospheric models. Although Unsold’s method of calculating the adiabatic 
gradient from entropy considerations is most general, but it is a bit laborious 
process. Unsold (194B) has given a general table of entropy for a gaseous mixture. 
This table has been widely used so far. If one is to add the correction for radiation 
also, then one has to add to this able a corresponding table for entropy of radiation 
for these values of log T and log . Then one has to add the two to get the final 
table which is to be used for numerical differentiation. It is found that in order 
to follow this method effectively one would need more points in Unsold’s table to 
make the differences in the hnal table small and smooth. To avoid this labour 
and on the top of this the approximation of numerical differentiation an attempt in 
the present paper has been made to drive an expression for the adiabatic gradient 
for a mixture of elements including the effect of radiation field from energy 
considerations. First an expression of the adiabatic gradiant will be derived when 
only two elements are changing their degree of ionisation and then finally the result 
will be generalised for a number of elements. 


DERIVATION QP THE EXPRESSION 

Consider an enclosure of volume V in thermodynamic equilibrium at temper- 
ature T containing radiation and N atoms. The various elements present are having 
the relative abundance v» by number such that %yi = 1 and the degree of ionisation 
xi . If P^ denotes the gas pressure and ?r the radiation pressure, the total pressure 
P is given by 

P = Pr + P^ (2) 

where Pr = 1/3 a T^ (3) 


N^T 


t 3, 


and ?^ = (I 4- x) 


V 


(4) 



( 5 ) 


Here X denotes the mean degree of ionisation defined by, 

X = S vt « ■ 

Differentiating logarithmically equation (4) we get, 

dP _ ^ ^ , dx 

Tg ~ T ~ TTT^) (6) 

The total internal energy of the system is the sum of the kinetic and potential 
energies of the particles and the radiation energy in the volome. If the energy of 
radiation per unit volume is u, the interal energy will be Vu. Since a = a T* for 
radiation in thermodynamic equilibrium at temperature T, the radiation enery in 
the volume will be oT^V. 


Therefore 

E = { 1 + X ) 3/2 AT + S vj xi Xj } N + VaT* 
. or d E = dT (3/2 NA (1 + x) + 4 VoT^} + 

S Vi liAji NAT j3/2+-L| + aT« dV 
Using (3), equation (8) reduces to 


dE = dT 


3/2 N A (1 4- 


12 Pr V 


T 

Xvi dxi NAT 
For an adiabatic change 


|3/2+ 


+ 3 Pr dY 


dE + PdV = dQ,= 0 or 


dE 

PV' 


dV 

V 


from equation (6), (9) and (10) finally one gets, 


F< L 




dT 


+ 


[5/2 1 dxj (5/2 + X,-/AT) 

g (1 4 " X ) 

4 ( Pr /Pg ) .X Vi dxi 


(I + ir ) 

Differentiating logarithmically Saha’s equation 
one gets, 


dxi 


Xi ( 1 - ^ ^ T — 


2 Vi dxi d P^ dT , Xi V 

+ It ) 


(7) 

( 8 ) 


(9) 


( 10 ) 


(li) 


( 12 ) 


otiaieS SflL- ‘ 02) f” ■)«. »d 


the values obtained are as follows i 
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= -!jr (a^) 1^ -iCi (I ” *i) ^5/2+ |j3 X (T 4 s? ) + Vj xi (1 — atj) (1 — x,‘| 

- “ *i(l ^ %) >2*2(1 - *2) ^5/2 + -||r)]- 

. -p^^( ) [*i(l - a?i)5?(l + S) - V2*j(l - * 2 ) |] (13) 

dx^ = -ijr[ p *2 (1 -*2) I “ (5/2 + Vj afi (I — Xj) ^5/24 

-n^[ ^ *2 Cl - (1 + ^) ] -■ (14) 

where 

a = X (1 4 x) + vi x^ (1 - Xj } 
and ^ = X (I + xj + vj *2 (1 — * 1 ) + v^x^ (1 - xj. 


Substituting the above values of dx^ and dx, in equation (1 1) on simplification 
it can shown that. 


d? 

'W 


p ^ X ■ Vj Xi ( 1 - *1 ^ ^5/24 -|ir) + V, Xj (1 - X 2 ) (5/2+ • 

L 1 + 2^ 4 x3 - X* ■“ ~ 


4- 


4Pr 

fs 


1 + 


X Vl Xl f"! — Xj) X.y (I ~ Xy) 

2 X + — x'^ 



dTr ,,^ ’'1 ^ ^ " *;)( 5/24 

t[5/24- - ( 14 x 1 

^1(1 - ^i) (5/24 ^^)4 V2 (1 - ^2) (5/24 -^) }* 

(I + x) (2 X + x^ — x^} 


T-^ + 

where x® = 5 v; Xj®. 

“““(fS), 


j ;Vi^ 1 — A?! ^ ^5/2+ ^ + W 2 ^2 C 5/2+ ^ ^ 


2 X + 


X 


d log Fg /ad, 

< I - *.) (5/2 + 41-)+ '•■‘■(l - 4T 


Xa 


-)} 


2 X 4 X® — . X* 
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4P, 

Pfi 


f. , ; X {v, Xi (1 - *i) + V, (1 - Xj) } 1 
1 ‘ ^x'+'x* - X* J 


5/2 + 


vi (i - X,) (5/2+ ^y+ V, (1 - x) (5/2+ 


(1 + x) ^ 

|vi *1 ( 1 - *1 ) ( 5/2 + -^) + »'» Xs( 1 - )(5/2+ ^ 

(1 + X ) (2 X + X* — x^)’ 


4Pr 


[ 


X 

4 + 


’'1 Xi( * 


( 1 - )(5/2+ -|t)+ - “•) 0/2 <■ Tr)| 

" — w ^ ri “*• • ■**•5 **5 ' > 


2 X + X® — 


j 


This is the expression for the adiabatic gradient when only two elements are 
changing their degree of ionisation. Generalising the above expression for a num- 
ber of elements and on simplification the .final expression is obtained in the 
following form. 


{ 


dlogT\ _Fi 
^/ad.~ 


d log Pg /ad. Fa 
X f- ^ 


(15) 


where F, = (1 + x) + S ( 1 - «i ) (5/2 + 




and F, = 5 / 2(1 +^)+ t H n (1 - %•) ( 5/2 


■ %vi (5/2+^;| 4 Pr 5 . / x+x^SvaJfi (l-« 

2x + X* - P Pg L ^ 2 5 + P - P ■* 


PARTICULARS CASES 

1. The radiation pressure very small ue> Pr/Pg < < !• 
In this case the equation (]”5) -red aces to 

X + x^ 


/ d 4og T \ j(* + + 2 X + x‘ - P ^ '’* ^* (* - + ^*7*T) 

which is Unsold’s formula (1938). 

2. Radiation pressure not small, and only one element is changing its degree of ionisation^ 
Le» all dxi = 0 except for i — l. 

For this the equation (15) becomes 

/ d log T _(' +S„'.(i-*i)(5/2+-^)«:-i+J-^[i+S.,*,(1-*,)£C-‘] 
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wWe oc is defined t 3 efore. 

Defining B = f— ^ ^ .. . +-I’T^ 

L% (i — x^) X J 


and A = b(5/24- 


the above expression becomes 


/ d log T \ 

\ d log Pg /ad- 


4P.| 
Pi ' 

‘l + B] 

+ 1 

[i+b(5/2 + ^)] 

4Pr 

Pi 

4 + A 

I + 4* 

M 


This is the expression given by Underhill 

3. For ike case of mmamsable gas and radicaion t-e. all xi ^ =0. 
Therefore we have from equation (I5j, 


/ d Jog T V 

\ log Pii /ad^ ^ 


1 + 


> ^ log P^ 


F& 


512 4 


16Pr 


This is Chandrasekhars form (1939). 

COMPARISON 


For certain values of temperature and pressurci the adiabatic gradients calcu- 
lated by the equation (15) and also obtained from entropy considerations are given 
in Table 1. 

TABLE 1 


e 

Log Pe 

Pr 

P. 

M log Tv 
\d log P/ad. 

Obtained 

from 

Formula 

(13> 

Entropy consi- 
derations. 

0-60 

0-864 

0-635 

0'1?6 

0*129 

0*54 

1-342 

0-372 

0-140 

0-145 

0‘50 

1*582 

0*303 

0-178 

0-184 

0-44 

1-860 

0 273 

0-249 

0-252 

0*40 

2-027 

0-275 

0-242 

0-243 

0-34 

2-424 

0-218 

0-164 

0-169 

0-30 

2-769 

0-168 

0-198 

0-202 

0*24 

3-150 

0-174 

0-299 

0-298 

0-20 

3-406 

0-200 

0*301 

o-aol 

0*10 

4-706 

0-171 

0-274 

0-279 
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1*116 values of the adiabatic gradient Obtained f*rom entropy consideration ar6 

d lo2 T\ " 

taken from Pecker (1953) paper. Pecker gave the values off ~ p/atf. equa- 

tion (15) 

/dlogT\ _ i + PrlPg / dlogT N. 

From the table 1 it can be seen that the values obtained from energy and entropy 
consideration agree well. 

In general it may be seen that at one point for one particular value of 
temperature, only the elements corresponding to one particular ionisation potential 
will be in a stage of ionisation and therefore only this group of elements will be 
effective for our adiabatic gradient calculations. The other elements would not 
contribute any appreciably. But one has to be looking from physical consider- 
ations for the effective group i,e. in the case of hydrogen ionisation zone the contri- 
bution will be from hydrogen alone and for helium ionisation zone the 
important part will be played by helium alone. In some cases both of 
them may play important role. Hence in the Uas51d's formula one has to calculate 
entropy for all the effective constitutents, Tue previous workers have considered, 
simply to avoid the above complications, the hydrogen ionisation zone and helium 
ionisation zone separately and in some cases the combination of the two elements. 
But in the present formula one does not have to worry about such separate calcu- 
lations or physcial conaiderdtions. The choice of the effective element is already 
taken care ol by the formula through the ionisation. It may be mentioned that 
although this general formula includes the whole mixture of elements in the stellar 
material but it will not change appreciably the physical results obtained by pre- 
vious workers who considered a reasonable mixture of hydrogen and helium only 
because the contribution from the elements heavier than helium is very smalls 
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ABSTRACT 

Continuing our work further (Pm. Nat. Acad. Set,, India, 29A, 55, 1960, Und. 29A, 260, 1960) 
we have examined binary systems in which both the components arc liqtiid crystals. Although 
continuous series of mixed liquid crystals are formed over the entire range of concentration, 
it is observed that there takes place a depletion in the transition line wnen the admixed molecules di^art 
from the criterion of similarity ; this can be attributed to the difiSculty in packing of the molecules. 
Slope of the tranation line can be measured from cither side and the group slope values could be deduced 
thereform. These values ate found to be comparable with those obtained from the study of the binary 
mixtures where one component is a non-liquid crystal. This suggests that the specific effect of the 
terminal groups is operative even in the caise of liquui crystalline substances. 

Earlier*, we have described the formation of mixed mesomorphism in binary 
systems where one component is a liquid crystal and another a non*liquid crystaL 
In these systems, the mixed liquid crystals are formed over a certain range of 
concentration, Goutinuing the work further, we have now examined binary 
systems where both the components are liquid crystals by themselves. A continuous 
series of mixed liquid crystals arc obtained over the entire range of the phase 
diagrams, 

experimental 

Preparation and purijUaiion of materials: 

^Acetoxybcnzal-^-anisidine and /Hacctoxybcnzal-^-phcnitidine are prepared 
according to the method described earlier (1). 

p-AceloxybenZalp-amtidine : 

Fine white leaflets from alcohol m. p. 112-119°G. (1) 


♦ ’ -f . Kitt. Acai. Sci.t InMa, 29A, 35, 1960 ; iSid, 29A, 260, 


1960. 
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p-AcetoxybenZaip-phenetidm : 

Fine white needles from alcohol, m. p. 1 18*5-— 137'5^G ; Analysis : Found i N — 
5*037 %, Gi 7 Hi 7 NO 3 ; requires N =3 4‘945 

p~Azoxyanisole ; is purified by repeated crystallisation from alcohol into fine yellow 
needles, m. p 118—136^0. 

\ 

Mithei of study : 

The binary systems are studied by the opticel method. 

The following binary systems are investigated : 

1, p-Azoxyanisole : jC>-acetoxybenzal-j&-anisidine. 

2. /i-Azoxyanisole : />-acetoxybenzal-/)-phenetidine« 

3* J>-Acetoxybenzal-^-phenetidine : ^“acetoxybenzal“j!)-anisidine 


DISCUSSION 

Prins (2), Kock (3), Bogojawlcnsky arid winogradov (4), Vorlander and Ost 
(5) and others have'reported the formation of mixed; liquid crystals wherein one or 
both the components are liquid crystals ; but they seem to have studied the 
phenomenon of mixed liquid crystallinity from the point of view of phase rule and its 
applications. The binary systems investigated here comprise of components both 
of which are liquid crystals. Unlike the binary systems where one component is a 
non-liquid crystalline substance in which case the transition curve cuts the melting 
curve at a certain point either to the right or to the left of the eutectic point (fi) 
bounding the mixed liquid crystalline region in a definite area, a continuous series of 
mixed liquid crystals throughout the whole region of the phase diagrams is obtained 
in these binary systems. Bogojawlcnsky and Winogradov (4) have repoted that in 
the case of isomorphous mixtures the transition lines obtained are straight lines, but 
it has been shown by Dave and Dewar (7) that the transition lines are not invariably 
straight -and that they may be curved to more or less extent. The above mentioned 
biliary systems are similar to those studied by Bogojawlcnsky and Winogradov, 



A reference to diagrams clearly shows that a depression in the transition lines is 
observed in the first two systems (figs. 1 and 2) whereas the transition line in the 





case of the third system (fig* 3) where both the compencnts are liquid crystalline 
Schiff’s bases, is almost straight. The Schiff^s bases comprising the system No. 3 
possess the same structure, the only difference being of the different terminal 
groups. The behaviour of the transition line in this system represents an ideal 
behaviour of mixed liquid crystal Is ; with the components having the same structure 
there should be no difficulty in the packing of the molecules together. This should, 
therefore, indicate that the transition lines will be straight obeying ideally the law 
of mixtures only when the two admixed molecules arc structurally the same. 



Dave and Dewar (7) who studied a number of binary systems wherein one 
component was a liquid crystal and another a nondiquid crystal, have attributed the 
tendency of the nondiquid crystalline component towards mixed liquid crystal 
formation in terms of group slopes deduced from the slopes of the transition lines of 
the systems. These values of the group slopes have been shown to be dependent upon 
the terminal polar groups present in the non-liquid crystalline component. Dave and 
Lohai (1) similarly deduced group slopes from the initial slopes of the transition lines 
of the binary systems investigated by them^ for OGH 3 , O.CO.GHg, OGg Hg and other 
groups. An attempt is made here to make such a deduction of initial slopes of the 
transition lines and group slope values for the terminal groups in the case of the 
binary systems where both the components are liquid crystalline substances by 
themselves but the transition lines show a slight depression which can be attributed 
to the difliculty in packing of the molecules due to difference in structure (figs. 1 and 2 ) 
(cf. 3, 6 ). As these systems comprise of components both of which are liquid 
crystalline substances, evidently, the initial slopes of the transition lines on the right 
band side of the diagrarns arc the slopes for the second component while on the left 

1:^1 




hand side are the slopes for the first component. These values for the slopes of the 
transition lines are given in table 1 , 


TABLE 1 


Substance 

System No* 

Slope of the Transition 
line 

(®G/mole %) X 10 

^-Azoxyanisole 

1 

3-8 

/^-Azoxyanisole 

2 

4-2 

p- Ace toxyb en z anisid ine 

1 

5*5 

^-Acetoxybenzal-^-phenitidine 

2 

4-5 


Values for the group slopes for the terminal groups have been deduced from 
these on the basis of the additivity principle (land?). The group slope values 
for OGHg, O.GO.GH 3 and OCj Hg are given below in table 2 and it is observed 
that these compare well with the values obtained for these groups from the binary 
systems in which one component is a non-liquid crystalline substance (1,7). 


table 2 


End Group 

Group Slope (One component 
non-liquid crystal) (1,7) 

Group Slope (Both components 
liquid crystals) 

OCH, 

2*0 

2-0 

O.GO.GH3 

3-05 

3-5 

OG.Hs 

1-0 

1-0 


This shows that the group effects are specific and operate even when the 
substances arc liquid crystals by themselves. This should substantiate the view 
that the groups and subsequently the polarities are responsible for liquid crystalline 
tendency of a substance. However, it should be mentioned here, that group 
slopes from the initial slope of the transition line in the case of system No. 3, can 
hardly be deduced as the transition line shows no depression. This shows that such 
deductions in such binary systems consisting of both liquid crystalline substances 
can only be made where the components depart from the criterion of similarity* 
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